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COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

- 
In The Matter Of: 

Allegheny Energy Supply Company, LLC : Solid Waste Management Act 
800 Cabin Hill Drive 
Greensburg, PA 15601 Community Environmental Project 

CONSENT ORDER AND AGREEMENT 

This Consent Order and Agreement is entered into this /A0f @&.20*o, 
by and between the Commonwealth of Pennsylvania, Department of Environmental Protection 

("Department") and Allegheny Energy Supply Company, LLC ("AE Supply"). 

The Department has  found and determined the following: 

A The Department is the agency with the duty and authority to administer and 

enforce the Solid Waste Management Act, Act of July 7, 1980, P.L. 380, as mended, 35 P.S. 

5s 6018.101~6018.1003 ("SWMA"); Section 1917-A ofthe Administrative Code of 1929, Act of 

Apd  9, 1929, P.L. 177, qs m'rnded, 71 P.S.-§ 510-17 ("Administrative Code"); and, the rules 

e d  regulation ("rules and regulations") promulgated thereunder. 

B. AE Supply is a Delaware corporation which is authorized to do business in 

Pennsylvania maintaining a business address of 800 Cabin Hill Drive, Greensburg, Pennsylvania 

15601. 

C. - AE Supply has been depositing flue gas desulhrization ("FGD") sludge generated 

by the Mitchell Power Station on the LaBelle Coal Preparation Plant property located in Luzerne 

Township, Fayette County ("Site") for beneficial use in land reclamation under authorization of 

Solid Waste Management Permit No. WMGR052DOQI (the "Pennit"). 



D. From October 20, 1999 to December 3 1, 1999, AE Supply statistically exceeded 

the allowable arsenic limit authorized by the Permit for FGD sludge at the Site, contrary to 25 Pa. 

Code 3 287.612@)(1). - 

E. AE Supply did not promptly report the exceedance to the Department as required 

by the Permit, contrary to 25 Pa. Code 4 287.612@)(1), but did voluntarily noti@ the Department 

of the exceedance and ceased hrther disposal at the Site. 
- 

F. The violations described in Paragraphs D and E constitute unlawful conduct under 

Section 610 ofthe S w M q  35 P.S. 5 6018.610; a statutory nuisance under Section 601 of the 

- SWMA, 35 P.S. 5 6018.601; and, subjects AE Supply to civil penalty liability by the Department ~ 

~ 

I under Section 605 ofthe S w M q  35 P.S. 4 6018.605. 
I 

I G. The Department has calculated a civil penalty against AE Supply in the amount of 

Ten Thousand One Hundred Dallars ($10,100.00) for the violations described in Paragraphs D 
~ 

I and E. 

H. Pursuant to the Department's "Policy for the Acceptance of Community 

Environmental Projects in Lieu of a Portion of Civil Penalty Payments," AE Supply has-proposed 

to the Department to pay Ten Thousand One Hundred Dollars ($10,100.00) to the Luzerne 

Township Supervisors to construct a pavilion, install electric service in the pavilion and provide 

security lighting for a proposed public access park in Luzerne Township leased from the 

Pennsylvania Fish Commission site adjacent to the Fredericktown Ferry as described in 

Attachment A ("Project"). 

- 

I. Luzerne Township will be responsible for providing a contractor to perform the 

work and overseeing the development of the Project. 
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J. The Department has determined that the Project will provide recreational 

opportunities to the general public and is not something that AE Supply is otherwise legally 

required to do. The Department agrees that the value of the Project is approximately Ten 

Thousand One Hundred Dollars ($10,100.00) and that in consideration of the Project, the 
- 

Department will allow AE Supply to pay for the Project in lieu of paying a civil penally in the 

entire amount of Ten Thousand One Hundred Dollars ($10,100.00). 

M e r  full and complete negotiation of all matters set forth in this Consent Order and 

'Agreement and upon mutual exchange of covenants contained herein, the parties desiring to avoid 

litigation and intending to be legally bound, it is hereby ORDERED by the Department and 

AGREED to by AE Supply as follows: 

1. Authority. This Consent Order and Agreement is an Order of the Department 

authorized and issued pursuant to Sections 104(7) and 602 of the SWMA, 35 P.S. 

$5 6018.104(7) and 6018.602; and, Section 1917-A ofthe Administrative Code, 71 P.S. 

4 510-17. 

2. . Findings. - 
- 

a. AE Supply agrees that the findings in Paragraphs A through J are true and 

correct and, in any matter or proceeding involving AE Supply and the Department, AE Supply 

shall not challenge the accuracy or validity of these findings. 

b. The parties do not authorize any other persons to use the findings in this 

Consent Order and Agreement in any matter or proceeding. 

3. Civil Penaltv Settlement. In resolution of the Department's claim for civil penalties 

for the violations set forth in Paragraphs D and E above, for the period from October 20, 1999 to 



December 3 1, 1999, which the Department is authorized to assess under Section 605 of the 

S w M q  35 P.S. 3 6018.605, the Department assess a civil penalty of Ten Thousand One 

Hundred Dollars ($10,100.00). The Ten Thousand One Hundred Dollar ($10,100.00) c i d  

penalty will be dedicated to the Project as provided for in Paragraph 4. 

4. Communitv Environmental Proiect. AJ3 Supply shall pay Luzerne Township its 

construction costs of the pavilion and installation of electrical service as described in Attachment 

A within thirty (30) days of the entry of this Consent Order and Agreement. 

5 .  Tax Deductibilitv. AEZ Suppiy shall not deduct any costs incurred in connection 

with or in any way associated with the Project for any tax purpose or otherwise obtain favorable 

tax treatment for those costs. If'requested to do so by the Department, AE Supply shall submit an 

a€€idavit of the corporate officer responsible for the financial affairs of AE Supply certifyng that 

AE Supply has not deducted or otherwise obtained favorable tax treatment of any of the costs of 

the Community Environmental Project. 

6. Pubiiciw About the Proiect. AE Supply agrees that whenever it publicizes, in any 

way, the Project, it will state that the Project was undertaken as part of the settlement of an 

enforcement action with the Departmerit. 

7. Completion of Proiect. Within thirty (30) days of the completion of the Project, 

AE Supply shall submit to the Department an affidavit of the corporate official involved or 

associated with the Project. The affidavit shall contain certification from the Township that the 

Project is complete and a copy of the check transmitted to Luzeme Township. 

8. Remedies. In the event that AE Supply fails to pay Luzerne Township for the 

Project, AE Supply shall pay a stipulated penalty in the amount of Ten Thousand One Hundred 

Dollars ($10,100.00). In either event, the Department may pursue any remedy available for 
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failure to pay a civil penalty, including the filing of this Agreement as a lien in any county in this 

Commonwealth. 

9. Liability of AE Su~Rly. AE Supply shall be liable for any violations of the 

Consent Order and Agreement, including those caused by, contributed to, or allowed by its 

officers, agents, or employees. AE Supply also shall be liable for any violation of this Consent 

Order and Agreement caused by, contributed to, or allowed by its successors and assigns. 
- 

10. Entire Agreement. This Consent Order and Agreement shall constitute the entire 

integrated agreement of the parties. No prior or contemporaneous communications or prior 

drafts shall be relevant or admissible for purposes of detemining the meaning or intent bf any 

provisions herein in any litigation or any other proceeding. 

1 1. Attornev Fees. The parties shall bear their respective attorney fees, expenses and 

other costs in the prosecution or defense of this matter or any related matters, arising prior to 

execution of this Consent Order and Agreement. 

12. Modifications. No changes, additions, modifications, or amendments of this 

Consent Order and Agreement shall be effective unless they are set out in writing and signed by 

the parties hereto. 

IN WITNESS WHEREOF, the parties hereto have caused this Consent Order and 

Agreement to be executed by their duly authorized representatives. The undersigned 

representatives of A.E Supply certifjl under penalty of law, as provided by 18 Pa. C.S. 4 4904, that I 

they are authorized to execute this Consent Order and Agreement on behalf of AE Supply; that 

AE Supply consents to the entry of this Consent Order and Agreement as a final ORDER of the 

Department; and that AE Supply hereby knowingly waives its rights to appeal this Consent Order 
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and Agreement and to challenge its content or validity, which rights may be available under 

Section 4 of the Environmental Hearing Board Act, the Act of July 13, 1988, P.L. 530, No. 1988- 

94, 35 P.S. 4 7514; the Administrative Agency Law, 2 Pa. C.S. 3 103(a) and Chapters 5A and 

I 7A, or any other provision of law. Signature by AE Supply's attorney certifies only that the 

agreement has been signed after consulting with counsel. 
I 
I 

I 

-FOR ALLEGHENY ENERGY 
SUPPLY COMPANY, LLC: 

FOR THE COMMONWEALTH OF 
PENNSYLVANIA DEPARTMENT OF 
ENVIRONMENTAL PROTECTION: 

Y 

David C. Benson 
Vice President Regiond Manager 
Production & Sales 

Anthony D. drlando 

Bureau of Waste Management 
, 
I 

Attorney for AE Supply Assistant Regional Counsel 
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CERTIFIED MAIL 

Projects Division 
800 Cabin Hill Drive 
Greensburg, PA 15601-1689 
(724) 837-3000 

October 5,2000 

Mr. Anthony D. Orlando 
Regional Manager 
Waste Management 
PA Department of Environmental Protection 

- 400 Waterfront Drive 
Pittsburgh, PA 15222-4745 

RE: Mitchell Power Station 
Permit No. WMGR052D001 
Consent Order and Agreement 
Community Project in Lieu of Civil Penalty Payment 

Dear Mr. Orlando: 

As requested, enclosed are signed copies of the referenced Consent Order and Agreement. 
Once we receive the final copy of this document, we will send a letter transmitting the check to 
Luzeme Township. 

Your office will receive a copy of both the letter and check. 

I .  If you have any questions, please contact me at (724) 830-5890. 

Sincerely, 

Nancy D. Pointon 

NDP/sjp . 

Enclosures 

cc: Mr. Ken Bowman - PADEP (Pgh.) 

. .. . . . ,  
I .  .. i 

;., .. 
5 -.' ; . . . .  

i d  .. . , . i ,,. 

f . ,  . .  
. 



COMMONWEALTH OF PENNSYLVANIA 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

In the Matter of: 

Allegheny Energy Supply Companx LLC : Air Quality 
800 Cabin Hill Drive 
Greensburg, PA. 15601-1689 - 25 Pa. Code $123.41 

Visible Emissions Violations 

CONSENT ORDER AND AGREEMENT 

+ 
This Consent Order and Agreement is entered into thisah day 

2O&y and between the Commonwealth of Pennsylvania, 

omental Protection (hereinafter “Department“), and Allegheny 

Energy S-upply Company CLC (hereinafter “Allegheny Energy”). 

The Department has found and determined the following: 

A. The Department is the agency with the duty and authority to administer and 
- enforce the Air Pollution Control Act, Act of January 8, 1960, P.L. 21 19 (1959), 

amended, 35 P.S. $$4001-4015 (“Ah Pollution Control Act”); Section 1917-A of the 

Adrmnistrative Code of 1929, Act of April 9, 1929, P.L. 177, as amended, 71 P.S. 

17 (“Administrative Code:); and the rules and regulations (“rules and regulations”) 

promulgated thereunder. 

- 

510- 
- 

D e l a w a r e  l i m i t e d  l iabi l i ty  
B. Allegheny Energy is corporation with a mailing address of 

800 Cabin Hill Drive, Greensburg, Pennsylvania 15601-1689. 

C. Allegheny Energy owns and operates The Mitchell Power Station located in 

Union Township, Washington County, Pennsylvania (hereinafter “Site”). Among other 

things, Allegheny Energy operates coal fired boiler number 33 at the Site which provides 

steam for electricity generation unit number 3. Boiler number 33 exhausts through a 

single 375 foot stack. Allegheny Energy operates the Site pursuant to Air Quality Permit 

- 

number TV 63-016. 

D. Visible emissions from the Site are regulated by 25 Pa. Code $ 123.41 



which states: 

A person may not permit the emission into the outdoor 
atmosphere of visible air contaminants in such a manner 
that the opacity of the emission is either of the following: 

(1) Equal to or greater than 20% for a period or periods 
aggregating more than 3 minutes in any 1 hour. 

(2) Equal to or greater than 60% at any time. 

E. The Department conducted an opacity study of the 375 foot stack at the 

facility. Visible emission observation records of this stack were documented on October 

19,1999, November 5,1999 and November 9,1999. On October 19,1999, November 

5,1999 and November 9,1999 Allegheny Energy emitted visible air contaminants with 

an opacity greater than 20% for more than 3 minutes in one hour, in violation of 25 Pa. 

Code 5 123.41(1). 

F. The violations described in Paragraph E, above, constitute unlawful conduct 

under Section 8 of the Air Pollution Control Act, 35 P.S. 5 4013, and subject Allegheny 

Energy to civil penalty liability under Section 9.1 of the Air Pollution Control Act, 35 

P.S. 5 4009.1. 

- 

G. Allegheny Energy has developed and will implement a testing and study plan 

designed toward resolving the opacity problem at the facility. Allegheny Energy plans to 

spend in excess of $80,000.00 on the testing. 

- After fidl and complete negotiation of all matters set forth in this Consent 

Order and Agreement and upon mutual exchange of covenants contained herein, the 

parties desiring to avoid litigation and intending to be legally bound, it is hereby 

ORDERED by the Department and agreed to by AlIegheny Energy as follows: 

1. Authority. This Consent Order and Agreement is an Order of the Department 

authorized and issued pursuant to $§ 4(9)(i) and 10.1 of the Air Pollution Control Act, 35 

P.S. 5 4004(9)(i) and 4010.1, and § 1917-A of the Administrative Code, 71 P.S. 5 510- 

17. 

2. Findings. 

a. Allegheny Energy agrees that the findings in Paragraphs A through G 

are true and correct and, in any matter or proceeding involving Allegheny Energy and the . 



Department, Allegheny Energy shall not challenge the accuracy or validity of these 

fmdings. 

b. The parties do not authorize any other persons to use the findings 

in this Consent Order and Agreement in any matter or proceeding. 

3. Corrective Action 

Allegheny Energy has begun an engineering study of the opacity problem 

and is committed to finding the cause and solution to the problem. 

a. Allegheny Energy has contracted URS-Radian to conduct a study of 

Boiler #33 to determine the cause of the intermittent opacity. USR-Radian conducted 

stack testing at the facility during the week of July 24,2000. Testing was done with the 

unit operating both at reduced load and close to full load with varying amounts of excess 

combustion air. Preliniinary results of this testing indicates that the primary cause of the 

plume opacity is sulfuric acid mist. 

b. On or before January 2001 Allegheny Energy will submit plans to the 

Department of Energy for a joint project with CONSOL Energy to investigate a multi- 

pollutant control technology. This project will involve slip-stream testing of flue gas to 

reduce emissions that may contribute to a visible plume and also reduce other emissions. 

This project will begin-as soon as possible after funding has been approved by the 

Department of Energy. 
- - 

c. Allegheny Energy shall use sound engineering and operational 

procedures to prevent opacity violations during this twelve-month engineering 

evaluation. 

d. Allegheny Energy will submit quarterly progress reports regarding the 

engineering evaluation to the Department beginning three (3) months from the date of 

this Consent Order and Agreement. 
- 

4. Civil Penalty Settlement 

The Department has agreed to waive civil penalties for opacity violations 

occurring during the twelve (12) months following the date of this COA, so long as the 

requirements of the COA are strictly complied with by Allegheny Energy. 

5. Stipulated Civil Penalties. 



a. In the event Allegheny Energy fails to comply in a timely manner with 

any term or provision of this Consent Order and Agreement, Allegheny Energy shall be 

in violation of this Consent Order and Agreement and, in addition to other applicable 

remedies, shall pay a civil penalty in the amount of $750.00 per day for each violation of - 

thisCOA. - 

b. Stipulated civil penalty payments shall be payable monthly on or before 

the fifteenth day of each succeeding month. The payments shall be made by corporate 

check or the like made payable to the “Commonwealth of Pennsylvania, Clean Air Fund” 

and sent to the Air Quality Program Manager, Department of Environmental Protection, 

400 Waterfront Drive, Pittsburgh, PA 15222-4745. 

c. Atiy payment under this paragraph shall neither waive Allegheny 

Energy’s duty to meet its obligations under this Consent Order and Agreement nor 

preclude the Department from commencing an action to compel Allegheny Energy’s 

compliance with the terms and conditions of this Consent Order and Agreement. The 

payment resolves only Allegheny Energy’s liability for civil penalties arising from the 

violation of this Consent Order and Agreement for which the payment is made. 
- d. Stipulated civil penalties shall be due automatically and without 

notice. 

6. Additional Remedies. 

a. In the event Aliegheny Energy fails to comply with any provision of 
- 

this Consent Order and Agreement, the Department may, in addition to the remedies 

prescribed herein, pursue any remedy available for a violation of an order of the 

Department, including an action to enforce this Consent Order and Agreement. 

b. The remedies provided by this paragraph and Paragraph 5 (Stipulated 

Civil Penalties) are cumulative and the exercise of one does not preclude the exercise of 

any other. The failure of the Department to pursue any remedy shall not be deemed t a  be 

a waiver of that remedy. The payment of a stipulated civil penalty, however, shall 

preclude any further assessment of civil penalties for the violation for which the 

stipulated civil penalty is paid. 

7. Reservation of Rights. The Department reserves the right to require additional 

measures to achieve compliance with applicable law. Allegheny Energy reserves the 



I 

right to challenge any action which the Department may take to require those measures. 

8. Liability of Operator. Allegheny Energy shall be liable for any violations of 

the Consent Order and Agreement, including those caused by, contributed to, or allowed 

by its officers, agents, employees, or contractors. Allegheny Energy - also shall be liable 

for any violation of this Consent Order and Agreement caused by, contributed to, or 

allowed by its successors and assigns. 

9. Transfer of Site. 

a. The duties and obligations under this Consent Order and Agreement 
- shall not be modified, diminished, terminated or otherwise altered by the transfer of any 

legal or equitable interest in the Site or any part thereof. 

b. If Allegheny Energy intends to transfer any legal or equitable interest 

in the Site which is affected by this Consent Order and Agreement, Allegheny Energy 

shall serve a copy of this Consent Order and Agreement upon the prospective transferee 

of the legal and equitable interest at least thuty (30) days prior to the contemplated 

transfer and shall simultaneously inform the Southwest Regional .Office of the 

Department of such intent. 

10. Correspondence with Department. All correspondence with the Department 

concerning this Consent Order and Agreement shall be addressed to: 

Joseph P. Pezze 
Air Quality Program Manager 
Department of Environmental Protection 

-400 Waterfront Drive - 

Phone: (412) 442-4000 

- 

Pittsburgh, PA 15222-4745 

, Fax: (412) 442-4194 
I 

1 1. Correspondence with Allegheny Energy. All correspondence with Allegheny 

~ 

Energy concerning this Consent Order and Agreement shall be addressed to: 

Randy Cain, Environmental Specialist 
Allegheny Energy Supply Company,LLC - 

800 Cabin Hill Drive 
Greensburg, PA. 15601-1689 
Phone: (724) 837-3000 
Fax : (724) 838-6464 



Allegheny Energy shall notify the Department whenever there is a change in the contact 

person's name, title, or address. Service of any notice or any legal process for any 

purpose under this Consent Order and Agreement, including its enforcement, may be 

made by mailing a copy by first-class mail to the above address. 

12. Force Majeure. 

a. In the event that Allegheny Energy is prevented from complying in a 

timely manner with any time limit imposed in this Consent Order and Agreement solely 

because of a strike, fire, flood, act of God, or other circumstances beyond Allegheny 

Energy's control and which Allegheny Energy, by the exercise of all reasonable 

diligence, is unable to prevent, then Allegheny Energy may petition the Department for 

an extension of time. An increase in the cost of performing the obligations set forth in 

this Consent Order and Agreement shall not constitute circumstances beyond Allegheny 

Energy's control. Allegheny Energy's economic inability to comply with any of the ~ 

obligations of this Consent Order and Agreement shall not be grounds for &y extension 

of time. 

b. Allegheny Energy shall only be entitled to the benefits of this- 

paragraph if it notifies the Department within five (5) working days by telephone and 

within ten (10) working days in writing of the date it becomes aware or reasonably 

should have become aware ofthe event impeding performance. The written submission 

shall include all necessary documentation, as well as a notarized affidavit from an 

authorized individual specifying the reasons for the delay, the expected duration of the 

delay, and the efforts which have been made and are being made by Allegheny Energy to 

mitigate the effects of the event and to minimize the length of the delay. The initial 

written submission may be supplemented within 10 working days of its submission. 

Allegheny Energy's failure to comply with the requirements of this paragraph specifically 

and in a timely fashion shall render this paragraph null and of no effect as to the 

particular incident involved. . 

c. The Departxnent will decide whether to grant all or part of the 

extension requested on the basis of all documentation submitted by Allegheny Energy 

and other information available to the Department. In any subsequent litigation, the 

operator shall have the burden of proving that the Department's refusal to grant the 



requested extension was an abuse of discretion based upon the inforination then available 

to it. 

13. Severability. The paragraphs of this Consent Order and Agreement shall be 

severable and should any part hereof be declared invalid or unenforceable, the remainder 

shall continue in full force and effect between the parties. 

14. Entire Agreement. Th~s  Consent Order and Agreement shall constitute the 

entire integrated agreement of the parties. No prior or contemporaneous communications 

or prior drafts shall be relevant or admissible for purposes of determining the meaning or 

intent of any provisions herein in any litigation or any other proceeding. 

15. Attorney Fees. The parties shall bear their respective attorney fees, expenses 

and other costs in the prosecution or defense of th is  matter or any related matters, arising 

prior to execution of this Consent Order and Agreement. 

16. Modifications. No changes, additions, modifications, or amendments of this 

Consent Order and Agreement shall be effective unless they are set out in Writing and 

signed by the parties hereto. 

17. Titles. A title used at the beginning of any paragraph of this Consent Order 

and Agreement may be used to aid in the construction of that paragraph, but shall not be 

treated as controlling. 

19. Decisions under Consent Order. Any decision which the Department makes 

under the provisions of this Consent Order and Agreement is intended to be neither a 

final actionunder 25 Pa. Code 91021.2, io r  an Adjudicationunder 2 Pa. C.S. 9 101. Any 

objection which Allegheny Energy may have to the decision will be preserved until. the 

Department enforces this Consent Order and Agreement. 

IN WITNESS WHEREOF, the parties hereto have caused this Consent Order and 

Agreement to be executed by their duly authorized representatives. The undersigned 

representatives of Allegheny Energy certify under penalty of law, as provided by 18 Pa. 

C.S. 9 4904, that they are authorized to execute this Consent Order and Agreement on 

behalf of Allegheny Energy; that Allegheny Energy consents to the entry of this Consent 

Order and Agreement as a final ORDER of the Department; and that Allegheny Energy 



hereby knowingly waives its rights to appeal this Consent Order and Agreement and to 

challenge its content or validity, which rights may be available under $ 4  of the 

Environmend Hearing Board Act, the Act of July 13,1988, P.L. 530, No. 1988-94,35 

P.S. $ 7514; the Administrative Agency Law, 2 Pa. C.S. $ 103(a) and Chapters 5A and 

7A; or any other provision of law. [Signature by Allegheny Energy's attorney certifies 

only that the agreement has been signed after consulting with counsel. If Allegheny 

Energy chooses not to consult with counsel before signing, please initial and write the 

word "waived" on the attorney signature block.] 

FOR ALLEGHENY ENERGY 
SUPPLY COMPANY, L E  

President 

%h/cbG $,C&& 
Sibatwe 
Name Patricia J. Clark 

Name N o r b e r t  J. Smith 

Attorney for Allegheny Energy 
Supply Ccrnpany, LLC 

COMMONWEALTHOF 
PENNSYLVANLA, DEPARTMENT 
OF ENVIR0"TA.L 
PROTECTION: 

Approved, to legality and form: 

Assistant Counsel 



COOLING CIRCUIT 
Surface Condenser 
Circulating Water 
Pump 
Cooling Tower 
Air Cooled Condenser 
Installation & Out of 
Scope 
Auxiliary Cooling 
Tower 
Steam Turbine 

AUXILIARIES 
Wells 
Pumps 
Pipeline 
Tanks 
Land for water rights 
Evaporation Ponds 
Water Treatment 

COST ($ million) 
Wet Dry with Ponds 

4.6 
2.6 

5.1 

9.2 

0.6 
0.1 
1 .o 
0.5 
9.0 
6.0 
4.5 

TOTAL COST 43.2 
75 1 25.0002::ODMAWCDOCS\PHXDOCS\ I42263\1 

Basis 

Vendor Quote 
Vendor Quote 

Vendor Quote 
30.1 Vendor Quote 
8.0 Vendor Quote 

1 .o Engineering Estimate 

-1 1.3 PEACE output 

1 .o 

0.5 

29.3 

Engineering estimate 
Engineering estimate 
Engineering estimate 
Engineering estimate 
Geraghty testimony 
Geraghty testimony 
Engineering estimate 
for dual media filter 
and reverse osmosis 



E N G I N E E R I N G  

Bale kD-Biirr, Inc. 
(September 2001) 

AIR COOLED TURBINE EXHAUST STEAM CONDENSERS 
WORLDWIDE PROJECT EXPERIENCE 

Client 

Stone & Webster / KeySpan 

Parsons E&C I Tractebel 

Mirant Corporation 

Asea Brown Boveri (ABB) 

ABB 

ABB 

A88 

ABB 

Electricite de France (EDF) 

ABB 

Mitsubishi Heavy Industries 

ABB 

AB0 

Thomassen Power Systems 
Doga / Mission Energy 

EPA Taiwanl 
Chung-Hsin Electric & Machinery 

EPA Taiwanl 
Chung-Hsin Electric & Machinery 

ESP Geko / HKW 
Felcberg 

ESP Geko / HKW 

ML Ratingen I MHKW 
Pimasens (Single Row) 

ABB Enertech AG I KVA 
Niedetumen 

Chehalis, WA 

Las Vegas, NV 

Bellingham, MA 

Midlothian (Ext), TX 

Lake Road, CT 

Hays, TX 

Blackstone, MA 

Rio Bravo, Mexico 

Midlothian, TX 

Chihuahua, Mexico 

Monterrey, Mexico 

Enfield, England 

Esenyurt, Turkey 

Hsinchu, Taiwan 

Pali, Taiwan 

Feldberg, Germany 

Dresden, Germany 

Germany 

Switzerland 

1,080,000 

1,450,000 

2 x 520,000 

2 x 500,000 

3 x 520,000 

2 x 500,000 

2 x 540,000 

1,100,000 

4 x 500,000 

970,000 

2 x 545,000 

804,400 

390,000 

205,955 

308,577 

44,100 

63,900 

11 7,200 

35,000 

Steam Flow 
Location Ib Ih  

Ravenswood, Queens, NY 612,900 

Back 
Pressure 

5.41 "HgA 

1.98'"gA 

10.O"HgA 

2.50"HgA 

2.40"HgA 

2.50"HgA 

2.40"HgA 

2.20"HgA 

3.0"HgA 

2.40"HgA 

2.76"HgA 

2.24"HgA 

2.1 "HgA 

7.5 "HgA 

4.43 "HgA 

4.43 "HgA 

5.9 "HgA 

35.5 "HgA 

3.3 "HgA 

2.9 "HgA 

Installed 

Engineering 

Engineering 

Construction 

Construction 

Commissioning 

Commissioning 

2001 

Commissioning 

2001 

2000 

2001 

2000 

1999 

1998 

1998 

2000 

1997 

1997 

1997 

1996 

405 N. REO STREET, TAMPA, FL 33609 USA Phone: (813) 289-1516 Fax: (813) 289-9385 
1 



E N G I N :.E R I N 0 

(September 2001) 
6aleka-Derr, lac. 

AIR COOLED TURBINE EXHAUST STEAM CONDENSERS 

- Client 

D.B. Anlagen I VERA 
Hamburg (Single Row) 

Bechtel 

Caliqua Basel I KVA 
Gamsen 

- Statwerke Kiel I MVA 
Kiel 

Siemens KWU I AEZ 
Kreis Wesel 

Siemens KWU I 
SBA Furth (Single Row) 

AVI Twente, Hengelo I 
Twente 

Billings Generation 

Stork Ketels I 
Wapenveld 

NEMA Netzschkau I 
lm i t  (Single Row) 

Blohm & Voss I SAVA 
Brunsbuttel (Single Row) 

ML Ratingen I MVA 
Offenbach (Single Row) 

ESP Heinzwerke I 
Sulzbach-Rosenberg 

Caliqua Basel I KVA 
Thurgau 

Bechtel 

FowerGenlSiemens 

Krupp Stahl I 

WORLDWIDE PROJECT EXPERIENCE 

Location 

Germany 

Crockett, CA 

Switzerland 

Germany 

Germany 

Germany 

Netherlands 

Billings, MT 

Netherlands 

Turkey 

Germany 

Germany 

Germany 

Switzerland 

Rochester, MA 

U R l k d  Kingdom 

Germany 

Steam Flow 
Ib I h 

33,000 

608,000 

38,800 

45,200 

165,300 

104,100 

194,400 

463,696 

103,200 

43,000 

30,900 

75,000 

41,400 

130,100 

220,250 

1,877,900 

36,400 

Sack 
Pressure 

5.9 “HgA 

2.0 “HgA 

2.9 “HgA 

103 “HgA 

2.9 “HgA 

4.1 “HgA 

2.5 “HgA 

7.5”HgA 

2.9 “HgA 

2.3 “HgA 

3.5 “HgA 

3.5 “HgA 

5.9 “HgA 

14.7 “HgA 

3.5”HgA 

2.7”HgA 

38 “HgA 

Installed 

1996 

1996 

1996 

1996 

1996 

1996. 

1996 

1995 

1995 

1995 

1995 

1995 

1994 

1994 

1993 

1993 

1993 

405 N. REO STREET, TAMPA, FL 33609 USA Phone: (813) 289-1516 Fax: (813) 289-9385 
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E N G I N E E R I N G  

laleke-biirr, Ise. 
(September 2001) 

AIR COOLED TURSINE EXHAUST STEAM CONDENSERS 
WORLDWIDE PROJECT EXPERIENCE 

Client 

Bochum 

MAN GHH I GSB 
Ebenhausen 

ABB Numberg I AVA 
Augsburg 

Blom & Voss 
Batam 

CRS Sinine 

CNF Constructors 

lndeck Energy 

Rutgerwerke 

Lurgi 
MSW Bazenheid 

SiemendM WS 
Cogen. Weissenhorn 

Chemische Fabrik 
Budenheim 

Blohm and Voss 
MSW, Beselich 

Blohm and Voss 
MSW Pinneberg 

ABB Baden, Kabul 

SERT 
MSW Harelbeke 

Stadtwerke 
Frankfurt for MSW Frankfurt 

BBC Mannheim (ABB), Touss 
Unit 4 150 MW Power Station 

BBC Mannheim, Touss 

Location 

Germany 

Germany 

Indonesia 

Lowell, MA 

Fitchburg, MA 

Silver Springs, NY 

W. Germany 

Switzerland 

W. Germany 

W. Germany 

W. Germany 

W. Germany 

Afghanistan 

Belgium 

Germany 

Iran 

Iran 

Steam Flow 
Ib I h 

70,500 

122,700 

57,500 

160,000 

1 27,000 

120,000 

88,000 

3,100 

83,000 

6,000 

13,200 

68,000 

243,000 

44,000 

55,000 

792,000 

792,000 

Back 
Pressure 

6.2 "HgA 

3.5 "HgA 

13.3 "HgA 

3.25"HgA 

3.5"HgA 

2.5"HgA 

5.0"HgA 

3.5"HgA 

4.5"HgA 

1.8HgA 

3.0"HgA 

6.O"HgA 

3.5"HgA 

1 .S"HgA 

15.O"HgA 

8.0"HgA 

8.O"HgA 

Installed 

1993 

1993 

1992 

1991 

1991 

1990 

1990 

1989 

1989 

1989 

1988 

1987 

1987 

1985 

1985 

1984 

1984 

405 N. REO STREET, TAMPA, FL 33609 USA Phone: (813) 289-1516 Fax: (813) 289-9385 
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E N G I N E E R I N G  

Irlck8-DYrr, IRc. 
(September 2001) 

AIR COOLED TURBINE EXHAUST STEAM CONDENSERS 
WORLDWIDE PROJECT EXPERJENCE 

Client 

Unit 3 150 MW Power Station 

BBC Mannheirn for 
MWSlGeiselbullach 

BBC Mannheirn 
MSW Neustadt 

Kringlen 
MSW Linthgebiet 

BBC Mannheirn, Touss 
Unit 2 150 MW Power Station 

BBC Mannheirn, Touss 
Unit 1 150 MW Power Station 

Standard Messo 
MS W S tapelfeld 

Techn. Werke 
Ludwigshafen 

Babcock Krauss 
Maffei Imperial, MSW Burgau 

Widrner + Emst 
MSW lngolstadt 

€3 C Berlin, MSW Krefeld 

Stork Boilers 

Goepfert + Reimer, lserlon 

G H, Hattingen 

Cabot 

Mura Biel 

Didier 

Widrner + Ernst, Hamburg 

SSK v. Schaewen 

Location 

Germany 

W. Germany 

Switzerland 

Iran 

Iran 

West Germany 

West Germany 

West Germany 

West Germany 

West Germany 

Netherlands 

West Germany 

West Germany 

West Germany 

Switzerland 

Netherlands 

West Germany 

West Germany 

Steam Flow 
lb I h 

72,600 

57,200 

58,700 

792,000 

792,000 

17,600 

39,600 

26,400 

57,900 

1 30,500 

90,200 

110,000 

71,500 

29,900 

24,200 

4,600 

1 78,200 

17,800 

Back 
Pressure 

4.O"HgA 

3.6"HgA 

4.0"HgA 

8.0"HgA 

8.0"HgA 

2.7"HgA 

3.0"HgA 

6.O"HgA 

3.7"HgA 

5.5"HgA 

3"HgA 

15"HgA 

5.5"Hg 

6"HgA 

19.5"HgA 

10.5"HgA 

3.6"HgA 

30"HgA 

Installed 

1984 

1984 

1983 

1983 

1983 

1982 

1982 

1982 

1982 

1981 

1981 

1980 

1980 

1979 

1978 

1977 

1976 

1976 

405 N. REO STREET, TAMPA, FL 33609 USA Phone: (813) 289-1516 Fax: (813) 289-9385 
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T 
E N  0 I N €..E R 1 N G 

(September 2001) 
Ialeke-Burr, Ine. 

AIR COOLED TURBINE EXHAUST STEAM CONDENSERS 
WORLDWIDE PROJECT EXPERIENCE 

- Client Location 

City of Frankfurt 

B A S F, Antwepen 

DuPont 

Borsig, Ruhrgas 

Stadt Bremettaven 

KNW 

DuPont 

V K W, Gcppingen 

DuPont 
AEG-Kanis Turbines 
Hamburg 

G H, Rottka 

K H D, Koln 

West Germany 

Belgium 

West Germany 

West Germany 

West Germany 

Poland 

West Germany 

West Germany 

West Germany 
West Germany 

West Germany 

West Germany 

BechtelKanada Australia 
Kwinana 

Stadtwerke West Germany 
Solingen 

Gfanzstoff West Germany 
Koln 

Winrs Werke West Germany 

Saline West Germany 
Ludwigshafen 

AEG-Kanis, Cabot West Germany 

KEWNVerhoht West Germany 

Steam Flow 
Ib I h 

52,800 

19,100 

4,400 

11 8,800 

176,000 

44,000 

7,300 

92,400 

6,400 
1 10,000 

44,000 

7,000 

79,000 

39,000 

28,600 

4,600 

700 

55,000 

22,000 

Back 
Pressure 

15"HgA 

27"HgA 

30"HgA 

6.6"HgA 

14"HgA 

24"HgA 

30"HgA 

4.5"HgA 

30'HgA 
4"HgA 

YHgA 

12"HgA 

VHgA 

4.5"HgA 

3OHgA 

30"HgA 

30"HgA 

23"HgA 

33"HgA 

Installed 

1976 

1976 

1976 

1975 

1975 

1974 

1974 . 

1974 

1972 
1972 

1971 

1971 

1969 

1969 

1968 

1968 

1967 

1966 

1961 

405 N. REO STREET, TAMPA, FL 33609 USA Phone: (313) 239-1516 Fax: (813) 239-9385 
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GEA Air Cooled Condensers 

~~~~ 

http://www.geapcs.com/main.cgi?PAGE=acc 

The GEA lAir Cooled Condenser 

Linden Cogeneration 
Plant Linden. NJ 

?he GEA air-cooled condenser is comprised of fin tube bundles grouped together into modules 
and mounted in an A-frame configuration on a steel support structure. Vertical and horizontal 
configurations are also available. 

GEA employs a two stage, single pressure condensing process to achieve efficient and reliable 
condensation. In this process, the steam is first ducted fiom the steam turbine to the air-cooled 
condenser where it enters parallel flow fin tube bundles fiom the top. The steam is only partly 
condensed in the parallel flow modules and the remaining steam is ducted in a lower header to 
counterflow fin tube bundles. The steam enters h m  the bottom and rises in the fin tubes to a 
point where condensation is completed. Non-condensibles are drawn off above this point by 
ejection equipment. The condensate drains by gravity to a condensate tank and is then sent back 
to the feedwater system to be recycled. 

1 of1 11/12/2001 12:07 PM 
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Direct Air Cooled Condenser Installations G* 
GFA Power Cooling 
systems, Inc. 

Veil Simpson I Station 20 167,550 
Black Hills Power & Light Co. 

3illette, WY 
Steams Roger) 

~~ ____ -~ 

Yorton P. Potter Gen. Station 
Braintree Electric Light Dept. 

20 

3raintree, MA 
W. Beck) 

Benecia Refinery NA 
Exxon Company, U.S.A. 

Benecia, CA 

~- __ 

Wyodak Station 330 
Black Hills Power & Light Co. 
and Pacific Power & Light Co. 

Gillette, WY 
(Stone & Webster) 

Beluga Unit No. 8 65 
Chugach Electric Assoc., Inc. 

Beluga, AK 
(Burns & Roe) 

190,000 

48,950 

1,884,800 

4 7 8,4 0 0 

Gerber Cogeneration Plant 3 7  52,030 
Pacific Gas & Electric 

Gerber, CA 
(Mechanical Technology Inc.) 

4.5 

3.5 

9.5 

6.0 

5.6 

2.03 

75 

______ 

50 

100 

66 

35 

48 

1968 

~ 

1975 

1975 

___ ______ 

1977 

___ _ _ ~  

1979 

__ .~ 

1981 

~. 

REMARKS 

Coal Fired 
Plant 

-_ 

Combmed 
Cycle 

Coal Fired 
Plant 

_ 

Combined 
Cycle 

CogeneratioI 

11/12/2001 12:05 PM 
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1984 

~- - 

1984 

~ -~ 

1984 

~ 

1985 

Cogeneration 
(Turnkey) 

VAS North Island Cogen Plant 65,000 5.0 
Sithe Energies, Inc. 

Coronado, CA 

- - ~ ~- - - - 

2.6 40,000 5.0 NTC Cogen Plant 
Sithe Energies, Inc. 

Cogeneration 
(Turnkey) 

San Diego, CA 

_ _ ~  

22.4 181,880 6.0 Chinese Station 
Pacific Ultrapower 

Waste Wood 

China Camp, CA 
(Ultrasystems Eng. & Const.) 

50,340 4.0 Dutchess County RRF 

Poughkeepsie, NY 
(Pennsylvannia Engineering) 

7.5 

20 Sherman Station 
Wbeelabrator Sherman Energy 
co.  

125,450 2.0 43 1985 

__ ~. 

1985 

Waste Wood 

__ 

Sherman Station, ME 
(Atlantic Gulf) 

1 42,000 5.5 WTE Olmsted County WTE Facility 

Rochester, MN 
(HDR Techsew! 

80 

1986 

-~ _. .~ 

1986 

WTE Chicago Northwest WTE 
Facility 
City of Chicago 

90 

~- ~ 

59 

Chicago, IL 

SXMASS WTE Facility 
American Ref-Fuel - 

WTE 

Rochester, MA 
(Bechtel, Inc.) 

11/12/2001 12:05 PM 
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ACC Installation List 

Haverhill, MA 
(Stone & Webster) 

_ _ ~ ~ ~  - - - - _~ _ _  ~ 

Continental Energy Associates 
Hazelton, PA 
(Brown Boveri Energy 
Systems) 

Grumman 
TBG Cogen 

Cochrane Station 
Northland Power 
Cochrane, Ontario, Canada 
(Volcano, Inc.) ---- _ _ _ _ _ ~ -  ____ 

I 

North Branch Power Station 
Energy America Southeast 

Sayreville Cogen Project 
Intercontinental Energy Co. 
Sayreville, NJ 

Bellingham Cogen Project 
Intercontinental Energy Co. 
Bellingham, MA 
(Westinghouse Electric Cop.) I 

Spokane,WA 
(Clark-Kenith Inc.) 
. 

Exeter Energy L. P. Project 
Oxford Energy 
Sterling, CT 
~. ___- 

Peel Energy From Waste 
Peel Resources Recovery, Inc. 
Brampton, Ontario, Canada 
(SNC Services, Ltd.) 

http ://www.geapcs. comlmain. cgi?PAGE=accinstall 

5.0 85 1987 

3.7 47 1987 

5.4 59 1988 

WTE 

Cogeneration 
(Turnkey) 

Cogeneration 

Cogeneration 

Coal Fired 
Plant 

Cogeneration 

Cogeneration 

PAC 
Systema 

WTE 

11/12/2001 12:05 PM 
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4of7  

Nipigon Power Plant 
Transcanada Pipelines 
Nipigon, Ontario, Canada 
(SNC Services, Ltd.) 

Linden Cogeneration Project 
Cogen Technologies, Inc. 
Linden, NJ 
(Ebasco Constructors, Inc.) 

I 
7-- _____ 

Maalaea Unit #15 
Maui Electric Company, Ltd. 
Maui, Hawaii 
(Stone & Webster) 

Norcon -Welsh Plant 
Fakon Seaboard 

University of Alaska 
University of Alaska, 
Fairbanks 
Fairbanks, AK 

/I 

Union County RRF 

Saranac Energy Plant 
Fakon Seaboard 
Saranac, NY 
(Zum/Nepco, Inc.) 

Onondaga County RRF 
Ogden Martins Sys. of 
Onondaga Co. 
Onondaga, NY 
(Stone & Webster) 

Neil Simpson 11 Station 
Black Hills Power & Light Co. 
Gillette, WY 
(Black & Veatch) 

_____-____ - - -~ - 

Gordonsville Plant 
Mission Energy 
Gordonsville, VA 
(Ebasco Constructors Inc.) 

_ _  -____---- 

2.44 54 1990 Cogeneration 

1' (Turnkey) 

6.0 66 1992 CoalFired 
Plant 

(Turnkey) ' 

11/12/2001 12:05 PM 
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htchess County RRF 15 +49,660 
Sxpansion 
'oughkeepsie, NY 
Westinghouse Electric I 
ESD) 
__ 

iamlayuca I1 Power Station 
Zomision Federal de 
Slectricidad 
lamalayuca, Mexico 
Bechtel Corporation) 

Potter Station 
Potter Station Power Limited 
'otter, Ontario 
Monenco/Bluebird) 

__-___ __ ___ 

Streeter Generating Station , 40 246,000 
Municipal Electric Utility 
Ci ty  of Cedar Falls, Iowa 
Zedar Falls, Iowa 
:Stanley Consultants) 

MacArthur Resource Rec. 
Facility 
[slip Resource Recovery Agency 
Ronkonkoma, New York 
(Montenay Islip Inc.) 
_ _  

Kapuskasing Plant 

HaverhiU RRF Expansion 
Ogden Martin Sys. of Haverhi 
Haverhill, MA 

_______- _ _ _ _  

Inc. 
Northville, MI 
(European Gas Turbines Inc.) 

Pine Bend Landfii Gas Facility 
Browning-Ferris Gas Services 
Inc. 
Eden Prairie, MN 
(European Gas Turbines Inc.) 

5.0 79 1993 WTE 

3.8 66 1993 Combined 
Cycle 

3.5 

-____- 

4.8 

2.0 53.6 1994 ' Combined 

3.0 50 1994 Combined 
Cycle 

11/12/2001 12:05 PM 
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- - ___ . _ _  ~ 

Pine Creek Power Station 10 77 
Energy Developments Ltd. 
Pine Creek, Northern 
Territory, Australia 
@avy John Brown Pty. Ltd.) 

--_______._ __ __ - - ___ ________ __ ____ - _ _  .__ 

C a b  Negro Plant 6 4 0  63 
Methanex Chile Limited 
Punta Arenas, Chile 
(John Brown) 

___ .._ - ___ _ _ - ~ -  

Esmeraldas Refinery 15 
Petro Industrial 
Esmeraldas, Ecuador 
(Tecnicas Reunidas, S. A.) 

___ - - - 
~~ -~ _ _ _ _ _  _ _ -  

Mallard Lake Landffl Gas 
Facility 
Browning-Ferris Gas Services 
Inc. 
Hanover Park, IL 
(Bibb & Associates Inc. 
~ _ _ ~  

3.0 

Riyadh Power Plant #9 16.5 
SCECO 
Riyadh, Saudi Arabia 
(Raytheon Engrs. & Const., 
InC.) 
____ 

Barry CHP Project 
AES Electric Ltd. 
Bany, South Wales, UK 
(TBV Power Ltd.) 

Zorlu Enerji Project 10 83,775 
KORTEKS 
Bursa, Turkey 
(Stewart & Stevenson 
International) 

~_ ~ _ _ _  - ___ __ 

Tucuman Power Station 150 1,150,000 
Pluspetrol Energy, SA. 
El Bracho, Tucuman, 

49 

122 

50 

59 

99 

Argentina 
(Black & Veatch 
International) 

_______ ~- _______ - ____ - ____ 

Grumman 13 105,700 5 4  59 
TBG Cogen 
Bethpage, NY 
(General Electric) 

1995 Combined 
- Cycle 

1996 Combined 
Cycle 

(1200 M w  
Total) 

1996 Combined 
Cycle 

1997 Combined 

1997 PAC 
Systemii 

Systema 

11/12/2001 12:05 PM 
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~~~ - _ 

Dightoo Power Project 60 442,141 
Dighton Power Associates, Ltd. 
Dighton , MA 
(Parsons Power Group, Inc.) 
_~ _._ - 

El Dorado 
El Dorado LLC 
Boulder, NV 
(Sargent & Lundy) 

__ -~ _ _ _ _ _ _ _ _ ~ _ _  - _ _  - 

Tivertoo Power Project 
Tiverton Power Associates, Ltd. 
Tiverton, RI 
(Stone & Webster Engineering 

~ - .-. 
COrP.) 
___ ... 

80 549,999 5.0 90 1998 Combined 
Cycie 

Coryton Energy Project 
Intergen 
Corringham, England 
(Bechtel Power Cop.) 

Rumford Power Project 
Rumford Power Associates, Ltd. 
Rumford, ME 
(Stone & Webster) 
. _ _ _ ~ _ _ . _ _ _  ~ 

Keeluog RRRP 
EPA, R0.C. 
Keelung City, Taiwan 
(Dahin Co., Ltd.) 

- -___ 

Lib-Tser RRRP 
EPA, R0.C.  
Yi Ian County, Taiwan 
@ahin Co., Ltd.) 

~1 (1) Steam side of cycle only 
-- _____ _____.__. __________~____ - 

NOTE: 
----i - ~ _ _ _ - -  _ _  

I 

NOTE. Additional references can be provided, upon request GEA has supplied approximately 
, 500 .Ax Cooled Condensers worldwide 

_ ~ _ _  ~ _ _  - ._ _______ - -  -~ ~- 
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Air Cooled Condenser Installation Photos 
GEA Power Cooling 
systems, Inc. 

Station: 
Owner: 
Purchaser: 
Year of Installation: 
Generation: 
Steam Flow: 
Ambient Air 
Temperature: 
Back Pressure: 

Linden Cogeneration Plant 
Cogen Technologies, Inc. 
Ebasco 
1990 
285 MW* 
1,911,000 Ibhr 
12" C (54" F) 
2.44 in. HgA 

Station: 
Owner: 
Purchaser: 
Year of Installation: 
Generation: - 

Steam Flow: 
Ambient Air 
Temperature: 
Back Pressure: 

Maalaea Unit # 1 5 
Maui Electric Company 
Stone & Webster 
1992 
20 MW* 
158,250 Ibhr 
35" C (95" F) 
6.0 in. HgA 

11/12/2001 12:06 PM 
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Station: Spokane Waste-to-Energy Facility 
Wheelabrator Environmental Systems Owner: 

Clark-Kenith Purchaser: 

I990 Year of Installation: 

26 M?W Generat ion: 

153,950 l b h  Steam Flow: 

8" C (47" F) Ambient Air 

Temperature: 2.0 in. HgA Back Pressure: 

Station: 
Owner: 
Purchaser: 
Year of Installation: 
Generation: 
Steam Flow: 
Ambient Air 
Temperature: 
Back Pressure: 

Saranac Energy Plant 
Calpine 
Zurn/Nepco 
1993 
80 Mw* 
736,800 l b h  
32" C (90" F) 
5.0 in. HgA 

11/12/2001 12:06 PM 
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Station: 
Owner 

Purchaser: 
Year of Installation: 
Generation: 
Steam Flow: 
Ambient Air 
Temperature: . 

Back Pressure: 

365 MW Wyodak Power Station 
Black Hills Power & Light 
Co./Pacific Power & Light 
Stone & Webster 
1978 
330 MW (steam cycle) 
1,884,806 l b h  
19" C (66" F) 
6.0 in. HgA 

Neil Simpson II Station 
Black Hills Power & Light 
Black & Veatch 
1994 
80 MW. 
548,280 l b h  
19' C (66" F) 
6.0 in. HgA 

Station: 
Owner: 
Purchaser: 
Year of Installation: 
Generation: 
Steam Flow: 
Ambient Air 
Temperature: 
Back Pressure: 

11/12/2001 12:06 PM 
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Station: 
Owner: 
Purchaser: 
Year of Installation: 
Generation: 
steam Flow: 
Ambient Air 
Temperature: 
Back Pressure: 

Sayreville Cogeneration 
Plant 
Intercontinental Energy Co. 
Westinghouse Electric Cop. 
1989 
90 MW* 
714,900 lbhr 
15" C (59" F) 
3.0 in. HgA 

Bellingham Cogeneration Plant 
Intercontinental Energy Co. 
Westinghouse Electric Coy. 
1989 
90 MW* 
714,900 Ibhr 
15" C (59" F) 
3.0 in. HgA 

Station: 
Owner: 
Purchaser: 
Year of Installation: 
Generation: 
Steam Flow: 
Ambient Air 
Temperature: 
Back Pressure: 

* Steam cycle oniy 

0 GEA PCS I998 
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STATUS OF POWER PLANT PROJECTS: Sept.01 

Cooling 
Method 

Fuel Project 
Name 

Location 

Agawam 

Dighton 

Status 

Start-up 

Start-up 

Start-up 

Fired-Up 

Final Permit 
Issued 7/99 

Size 
Mw 

272 

170 

360 

5 80 

5 80 

1500 

350 

Nox 
"3 

CO Limits 
( gas) 

3.5 ppm 
10 PPm 
4 ppm 

3.5 ppm 
10 PPm 

Wet Gas and Oil 
Combined 
cycle 

Gas 
Combined 

cycle 
Gas and Oil 
Combined 
cycle 

Gas 
Combined 

cycle 
Gas 

Combined 
cycle 
Gas 

Combined 
cycle 

Berkshire 

Dry 

Wet -Fresh 

Dry ~ 

Dry 

Dry 

Dry 

Dighton 

6 ppm 
3.5 pprn Millennium Char1 ton 

ANP 
Blackstone 

Blacks tone 

ANP 
Bellingham 

Bellingham 

Sithe 
Mystic 

Final 
Approval 

issued 
1/25/00 
Final 

Approval 
Issued 
2/00 

permit 
expires soon 

Final 
Approval 

Issued 
5/5/00 

Everett 

Everett Gas 
Combined 

Cycle 

Cabot 
Island End 

Sithe 
Fore River 

Weymouth 

- 

750 Dry Gas and Oil . 
Combined 

cycle 

Medway 
Station 

Dry Gas 
Simple cycle 

Conditional 
Approval 
12/1/2000 

Draft 
conditional 

approval 
Construction 

9 PPm 

9 PPm 
N/A 

1.5 pprn 
2.0 ppm 
2.0 ppm 
2 PPm 
2 PPm 
5 PPm 

Medway 

Bellingham 

5 40 

525 

93 

Dry Gas 
Combined 

cvcle 

IDC 
Bellingham . 

Gas 
Simple cycle 

Con Ed 
Springfield 

W. 
Springfield 

Wet-Fresh 

Wet 

Wet-Fresh 

Gas 
Simple cycle 

UAE 96 Proposed 
conditional 
4/24/200 1 

Conditional 
Approval 

2 PPm 
2 PPm 

2 PPm 
5 ppm 

2 ppm 

Lowell 

Cambridge 
~ 

Gas & oil 
Combined 

234 Kendall Sq. 
Upgrade 



Nickel Hill I I Dracut 
Canal 2 Sandwich ! 

Brockton Brockton 
Power 

ESI New New 
Bedford Bedford 

91 12/10 1 

On hold 
Due 

Diligence 
Permit App. 
Submitted 

Inactive 

Dead 

cycle 

Wet Fresh 
Determined Combined 

cvcle 
1,225 To Be Wet- Gas and Oil 1 Determined 1 Marine 1 Combined 

cvcle 



AIR-COOLED HEAT EXCHANGERS 

AND 

COOLING TOWERS 

Thermal-flow performance evaluation and design 
/ 
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The cover: Temperature distribution in the plume above an air- 
cooled heat exchanger. With permission from dr. W.A.Schreiider. 

Copyright reserved. No part of this publication may be re- 
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1.2.1 

1.2 AIR-COOLED HEAT EXCHANGERS 

In an air-cooled heat exchanger, or air cooler, heat is usually transferred from the process 

fluid to the cooling air stream via extended surfaces or finned tubes. While the 

performance of wet-cooling systems is primarily dependent on the ambient wetbulb 

temperature, the performance of air-cooled heat exchangers is determined by the drybulb 

temperature of the air which is usually higher than the wetbulb temperature and 

experiences more dramatic daily and seasonal changes. 

Small air-cooled heat exchangers (compact heat exchangers [84KA1]) find application in 

many areas including computers and other electronic equipment, vehicles (radiators, oil 

coolers, intercoolers [75US1]), air-conditioning and refrigeration plants (condensers 

[88PL1, 94MCl]), etc. Larger air-cooled heat exchangers are found in refrigeration and 

chemical plants, various process industries and power plants. Movement of the cooling air 

is achieved by mechanical means (fans) or buoyancy effects (e.g. natural draft dry-cooling 

tower). 

/, 

Although the capital cost of an industrial air-cooled heat exchanger is usually higher than 

that of a water-cooled alternative (this need not always be the case) the cost of providing 

suitable cooling water and other running expenses may be such that the former is more 

cost effective over the projected life of the system. Other considerations are also of 

importance depending on the process or application [74MA1]. In arid areas where 

insufficient or no cooling water is available, air cooling is the only effective method of heat 

rejection. 

1.2.1 MECHANICAL DRAFT 

Various air-cooled heat exchanger configurations are found in practice. In some situations 

the choice of design is however critical to the proper operation of the plant. Air-cooled 

heat exchangers may be of the forced or induced draft type. In the case of the former the 

fans are installed in the cooler inlet air stream below the finned tube heat exchanger 

bundle as shown for a particular example in figure 1.2.1, with the result that the power 

consumption for a given air mass flow rate is less than that for the induced draft 

configuration. The fan drives located in the cooler air flow below the unit are also easier 



WATER SUPPLY ISSUES WORKSHOP SUMMARY 

INTRODUCTION 

On February 8, 2001 the Siting and Environmental Protection Committee of the 
California Energy Commission (Energy Commission) conducted a workshop on water 
issues that may constrain the licensing of future power plants in California and to 
discuss strategies to address these issues. The three topics discussed at the workshop 
included: (1) water supply and water regulations, (2) technological solutions, and (3) 
water policy issues. 

~ 

OVERVIEW OF ORAL PRESENTATIONS 

OVERVIEW OF WATER SUPPLY ISSUES 
Mr. Joe O’Hagan, representing the Energy Commission staff, provided a brief overview 
of water issues addressed in siting cases. Although on a statewide basis power plants 
are not major consumers of water as compared to agricultural and urban uses, 
powerplant consumption of water on a local level is often large compared to other uses. 
Therefore, water supply issues are often of concern to the public. 

Mr. O’Hagan stated that most proposals for power plant water supply have been 
workable. However, a lack of information about project impacts on water supply in the 
early stages of the staff assessment process has often led to delays in completing the 
siting process. 

~ 

~ 

PANEL 1: WATER SUPPLY AND WATER REGULATIONS 

Mr. Ed Anton, Acting Executive Director SWRCB 

Mr. Ed Anton stated that the State Water Resources Control Board (SWRCB or State 
Board) and Regional Water Quality Control Boards (Regional Boards) regulate two 
aspects of water within California. The first is water supply that is regulated by the State 
Water Resources Control Board-primarily for power plants through the Policy on Inland 
Sources of Cooling Water. Water quality is regulated primarily through the Regional 
Boards through the issuance of discharge permits. 

Mr. Anton explained that the State Water Resources Control Board’s Policy on Inland 
Sources of Cooling Water (Order 75-58) sets up a priority of water sources that should 
be used for cooling, such as wastewater that would otherwise be discharged to the 
ocean. This policy, however, consistent with the Energy Commission approach to the 
policy is that it “...was not set up as an absolute ...(p age 6, lines 22-23).” The policy 
does call for the consideration of alternative cooling water sources. Also addressed by 
the policy is the discharge of wastewater. Since the use of evaporative cooling in a 
power plant concentrates the salts, the policy calls for wastewater to be discharged to 
salt sinks or lined ponds. 



These questions whether not addressed in great detail during the 
workshops. Many of the panel members supported staffs approach to 
evaluating local water issues, and its evaluation of alternative cooling 
technologies and water sources. Still other panel members advocated 
a more rigorous consideration of the water policy issue raised by the 
use of fresh inland water for powerplant cooling. 

STAFF RECOMMENDATIONS BASED ON WORKSHOP DISCUSSIONS 

The supply of water in California is critical for development in every sector of the 
economy. Although there are a number of sources from which water supply can be 
expanded, ultimately there is a limited supply of water in California. It is in the states 
interest to estimate the need for water in the state from all sectors and to evaluate 
options for expanding the supply of water, and to evaluate alternatives to the use of 
fresh inland water, including ground water. Staff recommends that the Energy 
Commission consider the following to ensure that an adequate supply of water is 
available for powerplant cooling in the state. 

A. 

B. 

C. 

D. 

The Energy Commission staff should provide DWR with estimates of the existing 
and future needs for water for powerplant cooling, to facilitate DWR's water 
resource planning efforts. 

The Energy Commission staff should work with DWR and the State Water 
Resources Control Board (SWRCB) to identify potential sources of water for 
powerplant cooling. These sources should include wastewater and fresh water 
(including ground water). Staff, DWR and SWRCB should also identify areas in 
the state where powerplant development using fresh water should be 
discouraged, due to critical under supply of fresh water or due to expected future 
growth in other sectors of the economy. 

The Energy Commission staff should work with the Coastal Commission, 
Regional Water Quality Control Boards and State Water Resources Control 
Board to identify potential future locations for coastal repowering powerplant 
development, to identify issues that must be addressed before approving that 
development, and to identify the information that powerplant developers will need 
to obtain to expedite licensing of these repowering powerplants. 

Staff recommends that the Energy Commission develop and implement a policy 
that requires new generation to maximize water conservation measures for 
power plant cooling. SWRCB Resolution 75-58 requires the evaluation of 
alternative water supplies andlor cooling technologies. This policy, however, 
merely mandates the consideration of alternatives and does not prohibit the use 
of freshwater for cooling, even if such alternatives are readily available. 
Therefore, staff believes that this policy does not adequately address the true 
costs of using fresh or even potable water for power plant cooling in California. 
In light of California's looming water supply crisis, the use of fresh or even 
potable water for power plant cooling poses issues that are ignored by the 
economic or California Environmental Quality Act (CEQA) criteria used by staff in 
past siting cases to determine the suitability of using alternative sources of 
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cooling water or alternative cooling technology. For example, due to the greater 
capital cost and efficiency penalty associated with dry cooling, the reliance on 
economic criteria will almost always favor wet cooling and ignores long term 
reliability concerns as well as issues of protection of a limited resources. 

The greatest emphasis in such a policy should be given to the use of dry cooling 
because, although more expensive, dry cooling significantly reduces facilities’ 
water demand, removes a major siting constraint and ensures facility reliability 
during emergencies and droughts. 

Emphasis should also be on using alternative sources of cooling water-such as 
wastewater, brackish groundwater, etc. These sources provide many of the 
same benefits of using dry cooling, although information requirements to properly 
evaluate such alternatives may delay the siting process. Finally, the policy 
should require whenever the use of fresh water is unavoidable, the maximum 
utilization of this resource. Projects using freshwater should be required to cycle 
this water 20 times or more and utilize zero discharge. This way the maximum 
use of the resource is achieved without raising water quality issues from 
wastewater discharge. 

June 14,2001 35 WATER WORKSHOP SUMMARY 



* * EXH i BIT 

. .  

TESTIMONY 

of 

KENNETH SCHMIDT, PhD. 

on 

Water Quantity and 

Quality Impacts 

Relating to the 

La Paz Generating Facility 

Submitted on behalf of 

Arizona Unions For Reliable Energy 

October 19,2001 

Kenneth Schmidt 
Kenneth Schmidt & Associates 

7227 North 16* Street 
Phoenix, AZ 85020 



PROFESSIONAL EXPERIENCE 
KENNETH D. SCHMIDT 

AUGUST 1999 

Birthplace and Date 

Madera, California on November 8, 1942 

Deqrees 

B.S. Geology, Fresno State College, Fresno, California (1964) 
M.S. Hydrology, University-of Arizona, Tucson, Arizona (1969) 
Ph.D. Hydrology, University of Arizona, Tucson, Arizona (1971) 

Resistration and Certification 

Geologist No. 1578 in California (1970) 
Geologist No. 8019 in Arizona (1971) 
Geologist No. 23685 in Arizona (1989) 
Geologist No. G462 in Oregon (1978) 
Certified Groundwater Professional No. 193 (1986) 

Society Membership 

American Water Resources Association (1972) 
American Water Works Association (1970) 
Arizona Hydrological Society (1984) 
Arizona Water and Pollution Control Association (1971) 

Professional Experience 

August 1978 to Present: Principal, Kenneth D. Schmidt and 
Associates, Groundwater Quality Consultants, Phoenix, Arizona. 

June 1972 to July 1978: Principal, Kenneth D. Schmidt and 
Associates, Groundwater Quality Consultants, Fresno, California. 

January 1969 to May 1972: Hydrologist, Harshbarger & Associates, 
Consultants in Hydrogeology, Tucson, Arizona. 

December 1964 to February 1967: Engineering Geologist, Bookrnan- 
Edmonston Engineering, Inc., Arvin, California. 
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As an engineering geologist with Bookman-Edmonston 
Engineering, Inc. in Arvin, California from 1964-67, Schmidt's 
primary duties involved hydrogeologic studies associated with the 
development and operation of two large-scale recharge and 
groundwater recovery facilities southeast of Bakersfield. This 
experience involved the basic aspects of groundwater studies, 
including preparing a well inventory, water-level measurements, 
aquifer testing, logging drill cuttings, interpreting geophysical 
logs, observing well construction, collecting water samples from 
hundreds- of water supply wells for chemical analyses, and data 
interpretation. He conducted specific studies of land surface 
subsidence due- to groundwater overdrafting and of the occurrence of 
high boron contents in groundwater northeast of Arvin. Schmidt 
subsequently completed a Master's thesis at the University of 
Arizona in 1969 on the boron problem in that area. 

- 

As a hydrologist with Harshbarger & Associates in Tucson from 
1969-72, Schmidt's primary duties involved detailed water budget 
studies of the Santa Cruz and San Pedro River basins, in 
cooperation with the U.S. Geological Survey. In addition, he 
conducted extensive hydrogeologic studies as part of the FICO vs. 
Mines litigation south of Tucson. Included were detailed studies 
of subsurface geologic conditions, evaluation of high nitrates in 
groundwater beneath irrigated areas, and development and 
implementation of a comprehensive water quality monitoring program 
at five mines south of Tucson. He was heavily involved in most of 
the field activities and data interpretation. 

- 
As the principal of his own consulting firm since 1972, 

Schmidt has conducted and supe-gvised thousands of hydrogeologic 
investigations in the southwest, primarily in central and southern 
Arizona and in California. In the mid-1970'~~ Schmidt worked on 
development of some of the first national guidelines for 
groundwater quality monitoring, as a consultant to General Electric 
TEMPO. 

By the late 19701s, Schmidt began to design, develop, and 
implement some of the earliest groundwater quality monitoring 
programs at specific sites in the Southwest. His-involvement with 
a number of these has continued through to the present. In 
addition,- he began extensive groundwater studies as part of the 
EPA-sponsored 208 water quality management program in several 
areas. One was in Maricopa County, Arizona and was conducted for 
the Maricopa Association of Governments. Studies in this program 
focused on the Salt River Valley, where numerous specific 
monitoring programs involving landfills, storm runoff, dry wells, 
and irrigation were subsequently undertaken. This program 
continued into the 1 9 8 0 ' ~ ~  and an EPA-sponsored 2055 program was 
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subsequently undertaken. Another 208 program was in the Sahuarita- 
Continental area and was conducted for the Pima Association of 
Governments. Studies in this area were completed as part of the 
Upper Santa Cruz Mines Task Force investigation, and focused on the 
impacts of copper mine tailings ponds on groundwater and on the 
high nitrate contents in groundwater beneath irrigated lands. 

In about 1980, Schmidt began working on a number of projects 
to develop new public-supply wells in water quality problem areas. 
Included were dozens of wells in high fluoride, arsenic, and DBCP 
and hot water areas in Mesa, high nitrate and salinity areas in 
Tolleson and in Gilbert, problem areas in Chandler and Queen Creek, 
and areas of high chromium, arsenic, and fluoride in Paradise 
Valley. During the past several years, the firm worked on two new 
wells in Maricopa, one well in the Town of Gilbert, and several 
wells in the City of Peoria. The firm also- participated in 
development of the groundwater supply for the Lewis Prison, between 
Buckeye and Gila Bend, and for the Talking Stick Golf Course east 
of Scottsdale. 

Kenneth D. Schmidt and Associates have been involved with a 
number of groundwater contamination investigations and groundwater 
reclamation projects in Arizona. Included are the Motorola, Inc. 
Mesa Bipolar Integrated Circuits Center, and the Tucson Airport 
Remedial Investigation. The firm is involved with routine 
groundwater monitoring at a number of semi-conductor facilities, 
several landfills, and several gasoline contamination sites in 
Arizona. 

The firm has been involved with permitting and monitoring of 
a number of underground storage and recovery projects, including: 

Granite Reef Underground Storage Project for City of Mesa. 
Northwest Water Reclamation Facility for the City of Mesa. 
Prescott Effluent Recharge Facility. 
Town of Gilbert Effluent Recharge and Storage (two sites). 
Ocotillo Project in Chandler. 
Ninety-First Avenue WWTF Underground Storage Project for 
SROG. . 

Spook Hill Park Project in east Mesa. ~ 

Queen Creek sites for the City of Mesa. 
Rillito Creek project for City of Tucson. 
City of Chandler Wetlands project, Ocotillo. 

The firm has conducted dozens of well interference evaluations for 
new large-capacity wells, pursuant to ADWR regulations, and has 
completed numerous evaluations pursuant to ADEQ regulations for 
groundwater quality protection and aquifer protection permits for 
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landfills and sewage effluent. From 1992-98, Schmidt was a member 
of the Industrial Advisory Council of the College of Engineering & 
Mines at the University of Arizona. In 1993, Schmidt was appointed 
to the Department Advisory Committee for the hydrology program at 
the University of Arizona, and he has chaired that committee since 
1996. In 1995, he received the Distinguished Citizens Award from 
the University of Arizona College of Engineering. In 1998, he 
received the Centennial Achievement Award from the Alumni 
Association of the University of Arizona. 

Selected Clientele 

Arizona Portland Cement Co., Rillito. 
Avis Rent A Car System, Inc._, Garden City, New York. 
Baron and Budd, Dallas, Texas. 
Brown and Caldwell, Phoenix. 
Burgess and Niple, Phoenix. 
Calmat Co., Phoenix. 
Camp, Dresser & McKee, Phoenix. 
Carollo Erlgineers, Phoenix. 
Central Avenue Landfill Corporation, Phoenix. 
City of Chandler, Public Works Department. 
City of Flagstaff. 
City of Mesa, Engineering Department and Utility Operations. 
City of Phoenix, Department of Water and Sewers. 
City of Safford. 

- City of Tucson, Environmental Management. 
City of Wilcox, Dept. of Public Works. 
Coe and Van Loo, Phoenix. 
Denro, Ltd., Phoenix. 
Entranco, Phoenix. 
Ferrellgas, Tuba City. 
Greeley and Hansen, Phoenix. 
Jennings, Strouss & Salmon, Phoenix. 
Jones, Skelton & Hochuli, Phoenix. 
Lewis and Roca, Phoenix. 
Maricopa Association of Governments, Phoenix. 
Maricopa Domestic Water Improvement District. 
McCauley, Frick & Gilman, Inc., San Francisco, California. 
Mechanical Products Co., Jackson, Michigan. 
Meyer, Hendricks, Victor, Osborn & Maledon, Phoenix. 
Mobile Land Development Corporation, Scottsdale. 
Motorola, Inc., Mesa, Tempe, Chandler, and Ocotillo. 
Ocotillo Management Group, Chandler. 
Pima Association of Governments, Tucson. 
Pima County Wastewater Management Department, Tucson. 
Quarles and Brady, Phoenix. 



4 

landfills and sewage effluent. From 1992-98, Schmidt was a member 
of the Industrial Advisory Council of the College of Engineering & 
Mines at the University of Arizona. In 1993, Schmidt was appointed 
to the Department Advisory Committee for the hydrology program at 
the University of Arizona, and he has chaired that committee since 
1996. In 1995, he received the Distinquished Citizens Award from 
the University of Arizona College of -Engineering. In 1998, he 
received the Centennial Achievement Award from the Alumni 
Association of--the University of Arizona. 

Selected Clientele 

Arizona Portland Cement Co., Rillito. 
Avis Rent A Car System, Inc., Garden City, New York. 
Baron and Budd, Dallas, Texas. 
Brown and Caldwell, Phoenix. 
Burgess and Niple, Phoenix. 
Calmat Co. , Phoenix. 
Camp, Dresser & McKee, Phoenix. 
Carollo Engineers, Phoenix. 
Central Avenue Landfill Corporation, Phoenix. 
City of Chandler, Public Works Department. 
City of Flagstaff. 
City of Mesa, Engineering Department and Utility Operations. 
City of Phoenix, Department of Water and Sewers. 
City of Safford. 

City of Wilcox, Dept. of Public Works. 

Denro, Ltd., Phoenix. 
Entranco, Phoenix. 
Ferrellgas, Tuba City. 
Greeley and Hansen, Phoenix. 
Jennings, Strouss & Salmon, Phoenix. 
Jones, Skelton & Hochuli, Phoenix. 
Lewis and Roca, Phoenix. 
Maricopa Association of Governments, Phoenix. 
Maricopa Domestic Water Improvement District. 
McCauley, Frick & Gilman, Inc., San Francisco, California. 
Mechanical Products Co., Jackson, Michigan. 
Meyer, Hendricks, Victor, Osborn & Maledon, Phoenix. 
Mobile Land Development Corporation, Scottsdale. 
Motorola, Inc., Mesa, Tempe, Chandler, and Ocotillo. 
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Pima Association of Governments, Tucson. 
Pima County Wastewater Management Department, Tucson. 
Quarles and Brady, Phoenix. 

- City of Tucson, Environmental Management. 
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Salt River Indian Community, Scottsdale. 
Salt River Landfill, Scottsdale. 
W.C. Scoutten, Inc., Phoenix. 
Snell & Wilmer, Phoenix. 
Sorenson Utilities, Fort Mohave. 
Southwest Beef, Tolleson. 
Town of Gilbert. 
U.S. Army Corps of Engineers, Phoenix. 
United Metro Materials, Phoenix. 
Wilson & Company, Phoenix. 

Publications - 

"The Use of Chemical Hydrographs in Groundwater Quality Studies," 
in. Hydrology and Water Resources in Arizona and the Southwest , vol. - 
1, Arizona Section AWRA, pp 211-223, 1971. 

"Nitrate in Groundwater of the Fresno-Clovis Metropolitan Area, 
California," Ground Water, v01, 10, No. 1, pp 50-64, 1972. 

IiGroundwater Contamination- in the Cortaro Area, Pima County, 
Arizona," in Hydrology and Water Resources in Arizona and the 
Southwest, vol. 2, Arizona Section AWRA, pp 95-111, 1972. 

IiGroundwater Quali-ty in the Cortaro Area Northwest of Tucson, 
Arizona," Water Resources Bulletin, vol. 9, No. 3, pp 598-606, 
1973. 

"Nitrates and Groundwater Management in the Fresno Urban Area, 
Journal AWWA, vol. 66, No. 3, pp 146-148,. 1974. 

I1Regional Sewering and Groundwater Quality in the Southern San 
Joaquin Valley,11 Water Resources Bulletin, vol. 11, No. 3, pp 514- 
525, 1975. 

#!Salt Balance in Groundwater of the Tulare Lake Basin, California, 
in Hydrology and Water Resources in Arizona and the Southwest, 
vol. 5, Arizona Section AWRA, pp 177-184, 1975. 

-"Monitoring Groundwater Pollution, I t  Proceedings of the 
International Conference on Environmental Sensing and Assessment, 
Groundwater Section, sponsored by EPA, WHO, and University of 
Nevada, Las Vegas, Nevada, September 1975, The Institute of 
Electrical and Electronics Engineers, Inc., vol. 1, session 9, No. 
4, pp 1-6, 1976. 
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IIAcademic Training for Groundwater Quality Specialists,11 in 
Hydrology and Water Resources in Arizona and the Southwest, vol. 6, 
Arizona Section AWRA, pp 

IlMonitoring ~ Groundwater 
Environmental Protection 
Report EPA-600/4-76-023, 

"Monitoring Groundwater 
Environmental Protection 

119-123, 1976. 

Qual i ty : Methods and Costs,11 U.S. 
Agency, Environmental Monitoring Series, 
with L.G. Everett, 1976. 

~ 

Quality: Monitoring Methodology," U.S. 
Agency, Environmental Monitoring Series, 

Report EPA 600/4-76-026, with D.K. Todd, R.M. Tinlin, and L.G. 
Everett, 1976. 

llMonitoring Groundwater _Quality: Illustrative Examples," U.S. 
Environmental Protection Agency, Environmental Monitoring Series, 
Report EPA 600/4-76-036, with R.M. Tinlin, 1976. 

"A Groundwater Quality Monitoring Methodology," Journal AWWA, vol. 
6 8 /  No. 11, pp 586-593, with D.K. Todd, R.M. Tinlin, and L.G. 
Everett , 1976. 

"Water Quality Variations for Pumping Wells," Ground Water, vol. 
15, -NO. 2, pp 130-137, 1977. 

"Protection of Groundwater from Nonpoint Sources of Pollution, 
Proceedings of Symposium on Drinking Water Quality Enhancement 
through Source 'Protection, American Chemical Society, Division of 
Environmental Chemistry, New Orleans, Louisiana, March 20-25, 1977, 
Ann Arbor Science Publishers, Inc., pp 257-273, 1977. 

"Impact of Land Treatment of Wastewater on Groundwater, I t  

Proceedings of National Conference on Environmental Engineering, 
Kansas City, Missouri, July-10-12,. 1978, University of Missouri- 
Columbia, pp 118-125, 1978. 

"The 208 Planning Approach to Groundwater Protection - What is 
Wrong and What Can be Done About It?," Ground Water, vol. 17, No. 
2, pp 148-153, 1979. 

"Monitoring Perched Ground Water in the Vadose Zone," in 
Proceedings of the Symposium on Establishment of Water Quality 
Monitoring Programs, American Water Resources Association, 
Minneapolis, Minnesota, pp 134-149, with L.G. Wilson, 1979. 

"Groundwater Quality Impact Determined from Well Sampling, 'I Arizona 
Department of Water Resources, Report No. 1, Proceedings of Deep 
Percolation Symposium, Scottsdale, Arizona, April 24-25, 1980, pp 
74-84. 
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"Brine Pollution at Fresno - Twenty Six Years Later, 
vol. 19, No. 1, pp 12-19, with J.A. Krancher and G. Bisel, 1981. 

Ground Water, 

I1Hydrogeology of the Sierra Nevada Foothill Lineament Near 
Oakhurst, Ca1ifornia,l1 Ground Water, vol. 19, No. 2, pp 149-155 
with S. Mack, 1981. 

"Persistence of Brine Pollution in Fresno, California Aquifer, 
Journal Environmental Health, vol. 43, No. 6 ,  pp 314-318, with J.A. 
Krancher, C.R. Auernheimer, and G. Bisel, 1981. 

IIMonitoring Groundwater Quality at State Permitted Sites in 
California," Proceedings of the Thirteenth Biennial Conference on 
Groundwater, Imine, California, September 14-15, 1981, California 
Water Resources Center Report No. 53, pp 87-91, 1981. 

, .  

"HOW Representative are Water Samples Collected from Wells? , 
Proceedings of the Second National Symposium on Aquifer Restoration 
and Groundwater Monitoring, Columbus, Ohio, May 1982, Water Well 
Journal Publishing Company, Worthington, Ohio, pp 117-128. 

"The Occurrence of Trace Organic Chemical - Constituents in 
Groundwater of the Salt River Valley," Proceedings of the Deep 
Percolation Symposium, Scottsdale, Arizona, October 1982, Arizona 
Department of Water Resources Report No. 4, pp 48-58. 

"Limitations in Implementing Aquifer Reclamation Schemes," 
Proceedings of the Third National Symposium on Aquifer Restoration 
and Ground Water Monitoring, Columbus, Ohio, May 1983, Water Well 
Journal Publishing Company, Worthington, Ohio, pp 105-110. 

IlGroundwater Quality Studies in California, If Proceedings of the 
ASCE Irrigation and Drainage Division Specialty Conference, 
Jackson, Wyoming July 1983, American Society of Civil Engineers, pp 
183-191. 

"Management of Groundwater Quality Beneath Irrigated Arid Lands," 
Proceedings of the Western Regional Conference on Groundwater 
Management, San Diego, California, October 1983, Water Well Journal 
Publishing-Company, Worthington, Ohio, pp 77-84. 

"Developing Groundwater Quality Monitoring Networks in Cali,fornia, 
Proceedings of the 15th Biennial Groundwater Conference, San Diego, 
September 23-25, 1985, University of California, Davis, pp 47-51. 

"Proceedings of Symposium on Groundwater Contamination and 
Reclamation," Edited by K.D. Schmidt, American Water Resources 
Association, Tucson, Arizona, August 14-15, 1985. 
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"Are Humid Area Monitoring Concepts Applicable to Arid Lands?" , 
Proceedings of Sixth National Symposium and Exposition on Aquifer 
Restoration and Groundwater Monitoring, May 19-22, 1986, Columbus, 
Ohio, pp 41-49. 

ItHydrologic Aspects of Subsurface Drainage" , Proceedings of the 
1986 Regional Meetings, U.S. Committee on Irrigation and Drainage, 
July 30-August 1, 1986, Fresno, California, pp 55-64. 

"Monitoring Groundwater Quality in the Southwest" , American Society 
of Civil Engineers, Proceedings of Water Forum '86, World Issues in 
Evolution, August 4-6, 1986, Long Beach, California, 6 p. 

~ 

"DBCP in Groundwater of the Fresno-Dinuba Area, California" , 
National Water Well Association, Proceedings of the Agricultural 
Impacts on Groundwater Conference, August 11-13, 1986, Omaha, 
Nebraska, pp 511-529. 

"Monitor Well Drilling and Sampling in Alluvial Basins in Arid 
Lands", National Water Well Association, Proceedings of the FOCUS 
Conference on Southwestern Groundwater Issues, October 20-22, 1986, 
Tempe, Arizona, pp 443-455. 

"Effect of Irrigation on Groundwater Quality in the Southwest" , 
Proceedings of the 1986 Regional Meetings, U.S. Committee on 
Irrigation and Drainage, October 22-24, 1986, Mesa, Arizona, pp 
273-290. 

"Effect of Irrigation on Groundwater Quality in California", with 
I. Sherman, Journal of Irrisation and Drainaqe Ensineerinq, ASCE, 
V O ~  113, NO. 1, 1987, pp 16-29. ~ 

"Development of Public-Supply Wells in the Salt River Valleyff, in 
Proceedings of the Arizona Hydrological Society 1st Annual 
Symposium, Phoenix, Arizona, September 1988, pp 131-151. 

"Contaminant Hydrology Associated with River Recharge of Sewage 
Effluent", with D.M. Esposito and D.G. Eaker, in Proceedings of 
Fourth Symposium on Artificial Recharge of Groundwater in Arizona, 
Tempe, Arizona, May 22-23, 1989, pp 1-20. 

"Developing Integrated Management Strategies for Groundwater 
Production, Recharge, and Protection in the Salt River Valley", in 
Proceedings of the Arizona Hydrological Society 2nd Annual 
Symposium, Casa Grande, Arizona, September 1989. 

"Problems with Groundwater Remediation Projects in the Southwest" , 
Proceedings of the Fourth Annual Symposium: Water Quality and 
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Quantity Issues into the 21st Century, Arizona Hydrologic Society, 
Casa Grande, Arizona, September 12-13, 1991, pp 3-9. 

"Hydrologic Factors Affecting Mobility of Trace Inorganic 
Constituents1', Journal of Irriqation and Drainase Ensineerinq, 
ASCE, V O ~ .  199, NO. 3, 1993, pp 600-612. 

"Results of Twelve Years of Groundwater Monitoring at the SKFCSD 
Facility in Central California", with D. Michel, Proceedings of the 
Symposium on Effluent Use Management, American Water Resources 
Association, Tucson, Arizona, August 29-September 2, 1993, pp 203- 
212. 

"Monitoring Perched Water in Arid Lands", in Handbook of Vadose 
Zone Characterizationpnd Monitoring, edited by L.G. Wilson, L.G. 
Everett, and S.J. Cullen, Lewis Publishers, 1995, pp 639-655 .  

"Groundwater Monitoring Associated with Water Transfer and Banking 
Projects", Proceedings of the Symposium on Conjunctive Use of Water 
Resources: Aquifer Storage and Recovery, American Water Resources 
Association, Long Beach, California, October 19-23, 1997, pp 
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K E N N E T H  D. S C H M I D T  A N D  ASSOCIATES 
GROUNDWATER QUALITY CBNSULTANTS 

7227 NORTH 167H STREET, SUITE 105 

PHOENIX, ARIZONA 85020 

602-997-7074 

a f r .  James D- Vieregg 
Morriaoa SS Hekler 
1850 N. Central Avenue 
Suite Z l U U  
Phoenix, Az 85004-4584 

October 19, 2001 

Re: &a Pa% Generating Facility 
Groundwater Conditions 

Pursuant to pur request, I have reviewed ths "Water Supply 
Report for the La Paz Generating F a c i l i t y  by ORs (;Fun8 19, 200l), 
and several supporting documents by H Y C ~ O  Sy8teXt8, Inc. Indudsd 
were the Yiarquahala Modeling Report" (June 19, Z O O I ) ,  "Barquahala 
Valley Humerical Grouxd-Water F l o w  btodel" (December 2, 1999), the 
"Vidler Recharge Project at K8T R a n c h ,  R r l l  Scale Underground 
Storage Facility P e r m i t  Application" (August 25, 19991, and the 
Yaplet ion Report, Allegheny Xnergy Supply, Manitor Well8 Ag-1 and 
BE-2" [August 23, 2 0 0 0 ) .  I aLs lo  attended the public hearing in 
Parker on September 4, 2001 aad listened to the tsstimoPy provided. 

Bly main CaxOmenta on th8 W a t e r  Supply Report are on the 
following topics: 
1. Subsurface geologic cor~dition8, 
2.  Aquifer characteriatica. 
3 .  Land surface subsidence. 
4 .  Projected dradowxas. 
5 .  Groundwater quality. 

Before discussing these topice, I would like to brief ly  d i s -  
cuss the documentation of the Water Supply Report preparer(a1. 
This report conCain8 PQ names of the report preparer(s) or  their 
qualifications. Whereas the refarenced Hydrosystema, IPC. reports 
are signed and stamped, fndicating the naxn@s and professional 
registration in bizoaa in geology, no such information was pro- 
vided far the preparez(e) of the Water Supply R e p a r t :  itself. 
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Subsurface Beolocric Cross sections 

Subsurface geologic croas sections are a ccxnwnly used, hj,gUy 
applicable, visual aide to help report readers visualize vertical 
trends in rcubsurfaca geologic conditions and other factors.  he 
Water supply Report corrtaiaa no such cross sections. Rather, d- 
surface geologic conditions are discussed on Pages B - 3 - 3  and B - 3 - 5  
of that repozt. Regional aubsurface geologic conditions are pri- 
marily diacusacd an khme pagee. Theza i a  only a b r i e f  diacussiea 
of the holes for the twa Allegheny Exccgy on-site monitor wells 
that were drilled to depths ranging from 800  to 860 feet. The 
dascussion on Pag@a B-3-3 and €3-3-5 is difficult t o  urrderstiimd, and 
some of i t  is not consistent w i t h  the site-specific iaformatiop. 

. 

Four subaurfaca geologic croa8 sections were provided in the 
Hasquahala Valley Numerical Ground-Water Flow mdel report, Only 
one of these is near the project site ( C - C ' ) .  T ~ ~ E L I  sections were 
done pr ior  to installatios of the on-site monitor wells. Section 
C-C' bd5cates that clay and sandy clay are predominaxt near the 
project site, below a depth o f  about 50 €eet u d  above a depth of 
about 500  to 600 feet. T h i s  is inconsisttent with the geologic logs 
far the t w o  on-site modto r  wells (Appendix C of the Completion 
Report on Monitor Wells AE-1 and AJZ-2). The appendix indlcatea 
that: only sand, sandy gravel, o r  gravel waa generally faund below 
a depth of 10 feet, until "nlcanics" were encouataxed at 855 feet 
(AE-1) and 740 feet {AE-a)in depth. These textural descriptions 
are vexy different: fram those presented ;Ln wibdurface czoss section 
C-C' . There i s  also a significant discrepancy between these geolo- 
gic logs and the submatface cross ~eclion in the Completion R e p o r t  
(Figure 5 ) .  This cross sectiotr (passing through the monitor W e l 3 8 )  

s b w s  that clay ia preclominarrt wi-a the uppennost 400 to 500 feat  
beneath tbe Site. 

In ~ummazy, contradictory information on subsurface geologic 
conditions w a s  presented in the Water Supply Report and the 
supporthg documeata . Bacause information on subeurf ace geologic 
conditions is an essezltfal p a t  of developing the hydrogeologic 
framework for the project aite, t h i s  - is a serious deficiency in the 
evaluation. - 

A u u i f e r  Characteiiatics 

Knowledge of aquifer characteristics is crudial in eatimating 
The t w o  most impor- drawdowns due to puo;q?iag of a wall or wellra.  
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tank amifer characteristics in this sense are the trani&.ssi&ty 
and storage coefficient. Traasmissivity is best detemned from 
aquifer testa conducted at or near the s i t e .  Although qui.fer 
test8 ware attempted at the twa on-site monitor wella, the &ta 
obtained did nut axlow a direat determination o f  tr,axxdssivity 
(fifth paragraph on Page B-3-12 of Water Supply Report). Inatead, 
values o f  tranamiasivity were estimated from the specific capaci- 
ties obtained from the pump t e a t s  on the'nwdtor wells. merience 
in C e n t r a l  Arizona g-roundwater baainl indicates that this approach 
is subject: to considerable error. Another problem is that the 

I manitor wells which were pumg tested are much shallower than 
irrigaticm wells in the area. The erigatiaa wells ara from 850 to 
315 feet deep ( T a b l e  B-3.1 of the Water Supply R e p o r t ) ,  and tap 
geolbgic Units 2 and 3 .  The deep deporlits (bel- about 7 0 0  feet 
deep) are indicated to be highly productive. T h i s  is likely why 
the irrigation wella were drilled to the depths they were, as 
opposed to shallower depths (5.e. less than 7 0 0  feet deep). The 
monitor wells wer8 completed to depths of less than 600 feet and 
tap geologic U h i t  2 .  Thus the waftor wells- doa't tap the sdme 
strata as would mast likely be tapped by exhting ar new large- 
capacity wells to be used for  the La Pa2 G . S .  wafer supply. 

. 

I 

In terns of the storage coefficient, two types of situatiaas 
axe normally considered. F o r  meonfinad aquifers (i.e. a water- 
tkble situation),  the specific yield is used, This is normally 
estimated from textural descriptions OF the deposita tapped by the 
well, or sometimes is detarmFned long-term aqui€er t e s t s .  For 
c d i n e d  aquifers, the atorage coefficient can generally only be 
datexmixed correctly by an aquifer teet,  where at least one obser- 
vation well is present that tapa the ~ a m e  strata as the proposed 
well. The W a t e r  Supply R e p o r t  diacllssion Qn storage coefficieat ia 
on Page E - 3 - 5 .  A specific yield of one parcat was mentioned 
(fifth paragraph) f o r  U n i t  2 ,  w h i c h  was indicated to be tha main 
water-producing unit in the Valley. This value is not consistent 
With site-specific conditions (9.e. the geologic logs f o r  the 
m a i t o s  wells nor Chs eathatad trandsoivatiss from the pump 
tests). A reasanable value of storage coefficient for Unit 2 waa 
not provided an Page 33-3-5 for Wtr 2. Information cm the state of 
confinement of the: strata to be tapped by the La Paz GUS. supply 
well5 was not provided. 

The deep deposits are likely confhed ~ 1 :  ad-conf ined  by 
over-lying less pemneable strata. this caae, lower values of 
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the storage coefficient wcrviLd be appl'icable (i,e. 0.01 o r  0 . 0 0 1 ~  
compared to the 0.1 used in the Nimezical Ground-Water Plow m&l 
report [ P l a t e  6 ) .  Use of the lower value could make dradcwns =re 
t h a ~  twice what  was predicted. On Page- 4-29 of that report8 it was 
stated: "Given tbat the model respanse ia aeneitive t o  this 
parameter (specific storage), i t  znay be desired ta cunduct f i e l d  
tes ts  ta better detarmfne the specific skorage of the deeper 
se diments f o r  €uture studies of t h i a  basizv'. 

oa Page 6-2  of the Nbmerical Ground-Water Flaw Nude1 report, 
it was stated that: Wnly a f e w  data points existed for tranamia- 
sivity values in the (Earquahala) b'ir6h8 and only  ope estima$.e of 
storage (coefficient) was knoarn". -This latter estimate was fur an 
aquifer test  at a site too distaat  from the project site to be 
applicable to the proposed project. 

- 

Land Surface Subrsidencq 

A detailed evaluation of potential land aubsidence was not 
included in the -Water Supply Repozt'. R a t h e r ,  a three-isentlence 
long discussioza of t h i s  topic was presented on Page B-3-11, where 
earth fissures in the valley were mentioned. Land surface! aubsi- 
d a c e  aaaociafed w i t h  groundwater Errnnping in Arizona is eammonly 
associated w i t h  caarpactioxa of inter-layered fine-grained depoaits 
a8 water levels decline, Herb Schumann .of the U.S. Geological 
Survey reported that subsidence monitoring began in the H a r q u a h a l a  
Valley in about 1980. However, the results of this mnitoring and 
the potential fox land surface subsidence due to punxphg for the fta 
Paz Generathg Station w 8 r e  not diScU~sed. T h i s  could be a s i s i -  
ficant iesue, because o f  the proposed cacentrated pumping f ~ r  the 
project from wells in a 320-acre area in Section 1, TZJ/RIlW. 

Tfie Water Supply I i ieprt (Page B-3-12) indicates that "Allegheny 
has acquired approximately 2,325 acres of €armland in H a f q u a b a l a  
E a S b  as shown in  Figure B-3-5".  This illustration indicates that 
these lands are scattered over an s e a  mare than 16 miles long. 
Pumping of the groundwater formerly pumped cm these lands is 
proposed from an area only about 14 percent in size of the 
irrigated lands thexmrtlves. This results in much greater localized 
drawdowne and potential for land subaidance than occurred due to 
pumping for the irrigated laclds. 
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Pro?  acted Drawdawna 

Altbough the Harquahala V a l l e y  KPclmerical Ground-Water Blow 
Model was used to @sttimate drawdam f Q r  the p Z o p O 8 8 d  project, there 
were several factora that were apparently not considered, 

1, The Vidlex Water Co. project is an underground storage pro- 
ject,  whar&y stored groundwater would eventually be recovered by 
pumping. The greatest drawdoam8 would likely occur during concur- . 
rent recovery well pumpage episodes and pumping for the proposed 
La Paz G.S. projeck. Howevaf, such a situation was not modeled SOY 
the pra j ect site . 

2 .  A t  the public hearing in Parker on September 4, 2001, it was 
mentioned that new dwelcpments are possible near the freeway 
iaterohange. The interchange is located anly alightlymore thaa a 
mile north of the proposed La Paz G.S. well field.  The j a b t  
drawdown due to pumping for the La Paz G . S . ,  reccnrery pumping o f  
Vidler Water Co. stored w a t e r ,  and pumping for t h i s  new development 
should also be evaluatad, This pfabably zepreaents the w o r s t  case 
situatian. 

3 .  Water-level rises due to V i d l e r  W a t e r  Co. recharge operation8 
w e r e  indicated to be a significant mitigating factor €or the L a  Pax 
G.S. pumpage. %owever, this underground storage project could stop 
at any time, A l l s o ,  there is no evidence that Al.1egh-y is a garti- 
cfpant in the V i d l e r  Watar Cca. project, 

4 .  Greatax drawdowns would be pro jectad if the deep groundwater 
reacts as a confined or sd-confined aquifer, as opposed to an 
unconfined aquifer as asamed in the groundwater model. 

5. Pumping in. the absence of intentional recharge, as proposed 
€or the La Paz G.S., would reeult in a h s t  200,000 acre-feet o f  
groundwater being pumped, evaporated, and thereby lost to the 
Harquahala Valley forever during the 30-year life of the project. 

6 .  The Numerical Ground-Water Flow Model report indicatas a pre- 
development or natural recharge o€ only about 2,300 aera-feet per 
year In the entire Earquahala basin. The proposed pmject ca l l s  
far pumping of 6 , 5 0 0  acre-feet per year of water from a concen- 
trated, very small part (320 acres) o f  the basin, without replacing 
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k&e p*ed water. T b i s  could be a precedent f o r  other such pro-  
jects in Harquahala Valley in-the futnre. 

7 .  Souad groundwater managemeat would call for either uaiag CAP 
water f o r  the La Paa G.S, o r  replacing the pumped groundwater. 
Also, alternative c o o l k g  tecbnolagiea -should be more thoroughly 
evaluated that have the potential to minimize groundwater pumping 
for the proposed project. 

Groundwater c%ual.itv 

The Completion Report for  Hcmitor Wells AE-1 and Ag-2 (Table  
2) caatains the ZeSUltS of analyses of water samplet3 collected frcxa 
a e a e  wells in april 2 0 0 0 .  The nitrate-nitrogen concentratioa in, 
water AE-2 waa 33 q/l, greatly exceeding the maximum 
c o n t h a n t  level (MCLI of 10 mg/l for drinking water. The 
fluaride coacentrataozl l a  water from A E - 1  was 5.1 mg/l, exceedhg 
the MCL of 4 . 0  n q / l  f o r  drfpking w a t e r .  The fluoride concentration 
in water from 1pg-2 was  3.1 mg/l ,  exceeding the reucmsmnded I#cL of 
2.0 fo r  drinking water in Arizona, The arsenic concexatratia in 
w a t e r  f o r  AE-1 was 12 ppbr w h i c h  exceeds the pxopaaed new MCL f o r  
arsenic in drinking w a t e r  o f  10 ppb. The iron concatrat ion in 
water from AE-1 aras 0.42 mg/l, exceeding the’recommended MCL of 0.3 
ng/l for drinking w a t e r .  

The W a t s r  Supply Report (page E-3-14)‘ auzmaxfzed the results 
of this samplirrg. Hawever. thera was no discussion 1n the report 
as ta how potable water would be provided for the La Pa2 G.S. 
Also, there was no detailed discussion of the eu&tability of t 3 x L ~  
groundwater f o r  the rMaainbg water use at the G . S .  No c h d c a l  
analyses w e r e  provided far silica, which is normally a major 
constituent of concern fo r  the proposed use of the w a t e r .  

Lined evaporation ponds a r e  proposed f o r  wastewater from the 
G.S. No detailed infarmation was provided an the expected amaunt 
or c h d c a l  composition o f  the wastewater. After aperation of the 
plant  stops, --how would the evaporation ponds be closed? Goad 
wind-blown salt  be a problem when w a t e r  is no laager placed in the 
evaporation ponds? 
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A-handout at the September 4 ,  2003, hearing in Parker bdica- 
ted that the application f o r ' t h e  Aqpifar Protection P e n n i t  ( u p )  
would be filed in October 2001, It would be extremely useful to 
have t h i a  information i~ order to provide comment8 OIL the evapora- 
tion ponds and potential impacts of wastewater. 

Storm Runoff 

Storm runoff fram the site is appar-tly to be discharged ta 
Centennial Wash, but no detailed pLans were gresented in the 
available materials. The probable cosqpositipn of th is  runoff 
wasp' t discussed in detail .  

Graundwater Xanfturfnq 

No routine groundwater monitoring plan for  the drawdown 
associated w i t h  the well field foz: the La B a z  6.8 .  nor the evapora- 
t ian ponds was provided, T b i s  is necessary t~ ptrnrids an early 
indication of potential problems that may OcCuT, 80 that XDJtigating 
measurEs can be undertalten in a timely fashion. 

S U l t m a r y  and Cmclusiana 

Informatian pravrFded in the Watez Supply Report and =upporting 
documents ox subaurface geologic coPditions was contradictory and 
did not clearly a8tablirth the hydrogeologic frwnemrk at the 
project Bike. ALaa, site-specific information on aquifer charac- 
teristics was nut obtained from aquifer teats, Actual dzawdavms 
due to pumping for the project could be twice aa great as estimated 
from khe groundwater model, if site-qecific informatiom was 
available and used. A detailed evaLuarion oi land surface subsi- 
dence due to the pumping f o r  the proposed project w a s  nat presented 
in t;he Water Supply Report or supporting doc-ta. Because of 
concentrated pumping in a relatively small area for the pmposed 
project ,  localized drawdown and subsidance could be significant. - 

The worst-case situation is pumping for the project during recovery 
well pmnping for the Vidler Water C q a n y  Underground Storage 
Project, _T_heL 
groundwater impacts due to pumpi-ag could be significa~tly reduced 
hy using CAP waker far the proposed project, or by using alter- 

and t h i s  w a s  not evaluated at the proposed s i t e .  
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native cooling technologies for the G.S. Evaluation of the *act 
on groundwater quality of the evaporation ponds was not possible 
based on the provided information, as the Aquifer Protection P e r m i t  
(UP) application and supporting hydrologic report w e r e  not 
available for review. 

Sincerely yours, 
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PROFESSIONAL EXPERIENCE 
KENNETH D. SCHMIDT 

AUGUST 1999 

Birthplace and Date 

Madera, California on November 8, 1942 

Deqrees 

.B.S. Geology, Fresno State College, Fresno, California (1964) 
M.S. Hydrology, University of Arizona, Tucson, Arizona (1969) 
Ph.D. Hydrology, University of Arizona, Tucson, Arizona (1971) 

Resistration and Certification 

Geologist No. 1578 in California (1970) 
Geologist No. 8019 in Arizona (1971) 
Geologist No. 23685 in Arizona (1989) 
Geologist No. G462 in Oregon (1978) 
Certified Groundwater Professional No. 193 (1986) 

- 

Society Membership 

American Water Resources Association (1972) 
American Water Works Association (1970) 
Arizona Hydrological Society (1984) 
Arizona Water and Pollution Control Association (1971) 

Professional Experience 

August 1978 to Present: Principal, Kenneth D. Schmidt and 
Associates, Groundwater Quality Consultants, Phoenix, Arizona. 

June 1972 to July 1978: Principal, Kenneth D. Schmidt and 
Associates, Groundwater Quality Consultants, Fresno, California. 

January 1969 to May 1972: Hydrologist, Harshbarger & Associates, 
Consultants in Hydrogeology, Tucson, Arizona. 

December 1964 to February 1967: Engineering Geologist, Bookman- 
Edmonston Engineering, Inc., Arvin, California. 
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As an engineering geologist with Bookman-Edmonston 
Engineering, Inc. in Arvin, California from 1964-67, Schmidt's 
primary duties involved hydrogeologic studies associated with the 
development and operation of two large-scale recharge and 
groundwater recovery facilities southeast of Bakersfield. This 
experience involved the basic aspects of groundwater studies, 
including preparing a well inventory, water-level measurements, 
aquifer testing, logging drill cuttings, interpreting geophysical 
logs, observing well construction, collecting water samples from 
hundreds of water supply wells for chemical analyses, and data 
interpretation. He conducted specific studies of land surface 
subsidence due to groundwater overdrafting and of the occurrence of 
high boron contents in groundwater northeast of Arvin. Schmidt 
subsequently completed a Master's thesis at the University of 
Arizona in 1969 on the boron problem in that area. 

~ 

As a hydrologist with Harshbarger & Associates in Tucson from 
1969-72, Schmidt's primary duties involved detailed water budget 
studies of the Santa Cruz and San Pedro River basins, in 
cooperation with the U.S. Geological Survey. In addition, he 
conducted extensive hydrogeologic studies as part of the FICO vs. 
Mines litigation south of Tucson. Included were detailed studies 
of subsurface geologic conditions, evaluation of high nitrates in 
groundwater beneath irrigated areas, and development and 
implementation of a comprehensive water quality monitoring program 
at five mines south of Tucson. He was heavily involved in most of 
the field activities and data interpretation. 

As the principal of his own consulting firm since 1972, 
Schmidt has conducted and supervis,ed thousands of hydrogeologic 
investigations in the southwest, primarily in central and southern 
Arizona and in California. In the mid-l970's, Schmidt worked on 
development of some of the first national guidelines for 
groundwater quality monitoring, as a consultant to General Electric 
TEMPO. 

By the late 1 9 7 0 ' ~ ~  Schmidt began to design, develop, and 
implement some of the earliest groundwater quality monitoring 
programs at specific sites in the Southwest. His involvement with 
a number of these has continued through to the present. In 
addition, he began extensive groundwater studies as part of the 
EPA-sponsored 208 water quality management program in several 
areas. One was in Maricopa County, Arizona and was conducted for 
the Maricopa Association of Governments. Studies in this program 
focused on the Salt River Valley, where numerous specific 
monitoring programs involving landfills, storm runoff, dry wells, 
and irrigation were subsequently undertaken. This program 
continued into the 1 9 8 0 ' ~ ~  and an EPA-sponsored 2055 program was 
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subsequently undertaken. Another 208 program was in the Sahuarita- 
Continental area and was conducted for the Pima Association of 
Governments. Studies in this area were completed as part of the 
Upper Santa Cruz Mines Task Force investigation, and focused on the 
impacts of copper mine tailings ponds on groundwater and on the 
high nitrate contents in groundwater beneath irrigated lands. 

In about 1980, Schmidt began working on a number of projects 
to develop new public-supply wells in water quality problem areas. 
Included were dozens of wells in high fluoride, arsenic, and DBCP 
and hot water areas in Mesa, high nitrate and salinity areas in 
Tolleson and in Gilbert, problem areas in Chandler and Queen Creek, 
and areas of high chromium, arsenic, and fluoride in Paradise 
Valley. During the past several years, the firm worked on two new 
wells in Maricopa, one well in the Town of Gilbert, and several 
wells in the City of Peoria. The firm also participated in 
development of the groundwater supply for the Lewis Prison, between 
Buckeye and Gila Bend, and for the Talking Stick Golf Course east 
of Scottsdale. 

Kenneth D. Schmidt and Associates have been involved with a 
number of groundwater contamination investigations and groundwater 
reclamation projects in Arizona. Included are the Motorola, Inc. 
Mesa Bipolar Integrated Circuits Center, and the Tucson Airport 
Remedial Investigation. The firm is involved with routine 
groundwater monitoring at a number of semi-conductor facilities, 
several landfills, and several gasoline contamination sites in 
Arizona. 

The firm has been involved with permitting and monitoring of 
a number of underground storage and recovery projects, including: 

Granite Reef Underground Storage Project for City of Mesa. 
Northwest Water Reclamation Facility for the City of Mesa. 
Prescott Effluent Recharge Facility. 
Town of Gilbert Effluent Recharge and Storage (two sites). 
Ocotillo Project in Chandler. 
Ninety-First Avenue WWTF Underground Storage Project for 
SROG. 
Spook Hill Park Project in east Mesa. 
Queen Creek sites for the City of Mesa. 
Rillito Creek project for City of Tucson. 
City of Chandler Wetlands project, Ocotillo. 

The firm has conducted dozens of well interference evaluations for 
new large-capacity wells, pursuant to ADWR regulations, and has 
completed numerous evaluations pursuant to ADEQ regulations for 
groundwater quality protection and aquifer protection permits for 



landfills and sewage effluent. From 1992-98, Schmidt was a member 
of the Industrial Advisory Council of the College of Engineering & 
Mines at the University of Arizona. In 1993, Schmidt was appointed 
to the Department Advisory Committee for the hydrology program at 
the University of Arizona, and he has chaired that committee since 
1996. In 1995, he received the Distinguished Citizens Award from 
the University of Arizona College of Engineering. In 1998, he 
received the Centennial Achievement Award from the Alumni 
Association of the University of Arizona. 

Selected Clientele 

Arizona Portland Cement Co., Rillito. 
Avis Rent A Car System, Inc., Garden City, New York. 
Baron and Budd, Dallas, Texas. 
Brown and Caldwell, Phoenix. 
Burgess and Niple, Phoenix. / 

Calmat Co., Phoenix. 
Camp, Dresser & McKee, Phoenix. 
Carollo Engineers, Phoenix. 
Central Avenue Landfill Corporation, Phoenix. 
City of Chandler, Public Works Department. 
City of Flagstaff. 
City of Mesa, Engineering Department and Utility Operations. 
City of Phoenix, Department of Water and Sewers. 
City of Safford. 
City of Tucson, Environmental Management. 
City of Wilcox, Dept. of Public Works. 
Coe and Van Loo, Phoenix. 
Denro , Ltd. , Phoenix. 
Entranco, Phoenix. 
Ferrellgas, Tuba City. 
Greeley and Hansen, Phoenix. 
Jennings, Strouss & Salmon, Phoenix. 
Jones, Skelton & Hochuli, Phoenix. 
Lewis and Roca, Phoenix. 
Maricopa Association of Governments, Phoenix. 
Maricopa Domestic Water Improvement District. 
McCauley, Frick & Gilman, Inc., San Francisco, California. 
Mechanical Products Co., Jackson, Michigan. 
Meyer, Hendricks, Victor, Osborn & Maledon, Phoenix. 
Mobile Land Development Corporation, Scottsdale. 
Motorola, Inc., Mesa, Tempe, Chandler, and Ocotillo. 
Ocotillo Management Group, Chandler. 
Pima Association of Governments, Tucson. 
Pima County Wastewater Management Department, Tucson. 
Quarles and Brady, Phoenix. 
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Coe and Van Loo, Phoenix. 
Denro , Ltd. , Phoenix. 
Entranco, Phoenix. 
Ferrellgas, Tuba City. 
Greeley and Hansen, Phoenix. 
Jennings, Strouss & Salmon, Phoenix. 
Jones, Skelton & Hochuli, Phoenix. 
Lewis and Roca, Phoenix. 
Maricopa Association of Governments, Phoenix. 
Maricopa Domestic Water Improvement District. 
McCauley, Frick & Gilman, Inc., San Francisco, California. 
Mechanical Products Co., Jackson, Michigan. 
Meyer, Hendricks, Victor, Osborn & Maledon, Phoenix. 
Mobile Land Development Corporation, Scottsdale. 
Motorola, Inc., Mesa, Tempe, Chandler, and Ocotillo. 
Ocotillo Management Group, Chandler. 
Pima Association of Governments, Tucson. 
Pima County Wastewater Management Department, Tucson. 
Quarles and Brady, Phoenix. 
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Salt River Indian Community, Scottsdale. 
Salt River Landfill, Scottsdale. 
W.C. Scoutten, Inc., Phoenix. 
Snell & Wilmer, Phoenix. 
Sorenson Utilities, Fort Mohave. 

I Southwest Beef, Tolleson. 
I 
, Town of Gilbert. 

U.S. Army Corps of Engineers, Phoenix. 
United Metro Materials, Phoenix. 
Wilson & Company, Phoenix. 

Publications 

"The Use of Chemical Hydrographs in Groundwater Quality Studies," 
in - Hydrology and Water Resources in Arizona and the Southwest, vol. 
1, Arizona Section AWRA, pp 211-223, 1971. 

"Nitrate in Groundwater of the Fresno-Clovis Metropolitan Area, 
California,11 Ground Water, vol, 10, No. 1, pp 50-64, 1972. 

llGroundwater Contamination in the Cortaro Area, Pima County, 
Arizona,I1 in Hydrology and Water Resources in Arizona and the 
Southwest, vol. 2, Arizona Section AWRA, pp 95-111, 1972. 

"Groundwater Quality in the Cortaro Area Northwest of Tucson, 
Arizona,11 Water Resources Bulletin, vol. 9, No. 3, pp 598-606, 
1973. 

"Nitrates and Groundwater Management in the Fresno Urban Area, 
Journal AWWA, vol. 66,  No. 3, pp 146-148, 1974. 

"Regional Sewering and Groundwater Quality in the Southern San 
Joaquin Valley, Water Resources Bulletin, vol. 11, No. 3 , pp 514- 
525, 1975. 

"Salt Balance in Groundwater of the Tulare Lake Basin, California, 'I 

in Hydrology and Water Resources in Arizona and the Southwest, 
vol. 5, Arizona Section AWRA, pp 177-184, 1975. 

"Monitoring Groundwater Pollution, If Proceedings of the 
International Conference on Environmental Sensing and Assessment, 
Groundwater Section, sponsored by EPA, WHO, and University of 
Nevada, Las Vegas, Nevada, September 1975, The Institute of 
Electrical and Electronics Engineers, Inc., vol. 1, session 9, No. 
4, pp 1 - 6 ,  1976. 
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llAcademic Training for Groundwater Quality Specialists," in 
Hydrology and Water Resources in Arizona and the Southwest , vol . 6 ,  
Arizona Section AWRA, pp 119-123, 1976. 

ItMonitoring Groundwater Quality: Methods and Costs,1t U.S. 
Environmental Protection Agency, Environmental Monitoring Series, 
Report EPA-600/4-76-023, with L.G. Everett, 1976. 

ltMonitoring Groundwater Quality: Monitoring Methodology,Il U.S. 
Environmental Protection Agency, Environmental Monitoring Series, 
Report EPA 600/4-76-026, with D.K. Todd, R.M. Tinlin, and L.G. 
Everett, 1976. 

"Monitoring Groundwater Quality: Illustrative Examples," U.S. 
Environmental Protection Agency, Environmental Monitoring Series, 
Report EPA 600/4.-76-036, with R.M. Tinlin, 1976. - 

"A Groundwater Quality Monitoring Methodology!" Journal AWWA, vol. 
68, No. 11, pp 586-593, with D.K. Todd, R.M. Tinlin, and L.G. 
Everett, 1976. 

"Water Quality Variations for Pumping Wells,11 Ground Water, vol. 
15, NO. 2,  pp 130-137, 1977. 

"Protection of Groundwater from Nonpoint Sources of Pollution, 
Proceedings of Symposium on Drinking Water Quality Enhancement 
through Source 'Protection, American Chemical Society, Division of 
Environmental Chemistry, New Orleans, Louisiana, March 20-25, 1977, 
Ann Arbor Science Publishers, Inc., pp 257-273, 1977. 

I'Impact of Land Treatment of Wastewater on Groundwater, 
Proceedings of National Conference on Environmental Engineering, 
Kansas City, Missouri, July 10-12, 1978, University of Missouri- 
Columbia, pp 118-125, 1978. 

"The 208 Planning Approach to Groundwater Protection - What is 
Wrong and What Can be Done About It?," Ground Water, vol. 17, No. 
2, pp 148-153, 1979. 

"Monitoring Perched Ground Water in the Vadose Zone,1t in 
Proceedings of the Symposium on Establishment of Water Quality 
Monitoring Programs, American Water Resources Association, 
Minneapolis, Minnesota, pp 134-149, with L.G. Wilson, 1979. 

"Groundwater Quality Impact Determined from Well Sampling,I1 Arizona 
Department of Water Resources, Report No. 1, Proceedings of Deep 
Percolation Symposium, Scottsdale, Arizona, April 24-25, 1980, pp 
74-84. 
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"Brine Pollution at Fresno - Twenty Six Years Later, I' Ground Water, 
vol. 19, No. 1, pp 12-19, with J.A. Krancher and G. Bisel, 1981. 

"Hydrogeology of the Sierra Nevada Foothill Lineament Near 
Oakhurst, California," Ground Water, vol. 19, No. 2, pp 149-155 
with S. Mack, 1981. 

IlPersistence of Brine Pollution in Fresno, California Aquifer, 
Journal Environmental Health, vol. 43, No. 6, pp 314-318, with J.A. 
Krancher, C.R. Auernheimer, and G. Bisel, 1981. 

llMonitoring Groundwater Quality at State Permitted Sites in 
California," Proceedings of the Thirteenth Biennial Conference on 
Groundwater, Irvine, California, September 14-15, 1981, California 
Water Resources Center Report No. 53, pp 87-91, 1981. 

IlHow Representative are Water Samples Collected from Wells? , It 

Proceedings of the Second National Symposium on Aquifer Restoration 
and Groundwater Monitoring, Columbus, Ohio, hay 1982, Water Well 
Journal Publishing Company, Worthington, Ohio, pp 117-128. 

"The Occurrence of Trace Organic Chemical Constituents in 
Groundwater of the Salt River Valley," Proceedings of the Deep 
Percolation Symposium, Scottsdale, Arizona, October 1982, Arizona 
Department of Water Resources Report No. 4, pp 48-58. 

"Limitations in Implementing Aquifer Reclamation Schemes," 
Proceedings of the Third National Symposium on Aquifer Restoration 
and Ground Water Monitoring, Columbus, Ohio, May 1983, Water Well 
Journal Publishing Company, Worthington, Ohio, pp 105-110. 

I1Groundwater Quality Studies in California, Proceedings of the 
ASCE Irrigation and Drainage Division Specialty Conference, 
Jackson, Wyoming July 1983, American Society of Civil Engineers, pp 
183-191. 

"Management of Groundwater Quality Beneath Irrigated Arid Landst1I 
Proceedings of the Western Regional Conference on Groundwater 
Management, San Diego, California, October 1983, Water Well Journal 
Publishing Company, Worthington, Ohio, pp 77-84. 

"Developing Groundwater Quality Monitoring Networks in Cali,fornia, 
Proceedings of the 15th Biennial Groundwater Conference, San Diego, 
September 23-25, 1985, University of California, Davis, pp 47-51. 

"Proceedings of Symposium on Groundwater Contamination and 
Reclamation," Edited by K.D. Schmidt, American Water Resources 
Association, Tucson, Arizona, August 14-15, 1985. 
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"Are Humid Area Monitoring Concepts Applicable to Arid Lands?" , 
Proceedings of Sixth National Symposium and Exposition on Aquifer 
Restoration and Groundwater Monitoring, May 19-22, 1986, Columbus, 
Ohio, pp 41-49. 

"Hydrologic Aspects of Subsurface Drainage", Proceedings of the 
1986 Regional Meetings, U.S. Committee on Irrigation and Drainage, 
July 30-August 1, 1986, Fresno, California, pp 55-64. 

"Monitoring Groundwater Quality in the Southwest" , American Society 
of Civil Engineers, Proceedings of Water Forum '86, World Issues in 
Evolution, August 4-6, 1986, Long Beach, California, 6 p. 

"DBCP in Groundwater of the Fresno-Dinuba Area, California" , 
National Water Well Association, Proceedings of the Agricultural 
Impacts on Groundwater Conference, - August 11-13, 1986, Omaha, 
Nebraska, pp 511-529. 

"Monitor Well Drilling and Sampling in Alluvial Basins in Arid 
Lands", National Water Well Association, Proceedings of the FOCUS 
Conference on Southwestern Groundwater Issues, October 20-22, 1986, 
Tempe, Arizona, pp 443-455. 

"Effect of Irrigation on Groundwater Quality in the Southwest" , 
Proceedings of the 1986 Regional Meetings, U.S. Committee on 
Irrigation and Drainage, October 22-24, 1986, Mesa, Arizona, pp 
273-290. 

"Effect of Irrigation on Groundwater Quality in California", with 
I. Sherman, Journal of Irriqation and Drainaqe Enqineerinq, ASCE, 
VOl 113, NO. 1, 1987, pp 16-29. 

"Development of Public-Supply Wells in the Salt River Valley", in 
Proceedings of the Arizona Hydrological Society 1st Annual 
Symposium, Phoenix, Arizona, September 1988, pp 131-151. 

"Contaminant Hydrology Associated with River Recharge of Sewage 
Effluent", with D.M. Esposito and D.G. Eaker, in Proceedings of 
Fourth Symposium on Artificial Recharge of Groundwater in Arizona, 
Tempe, Arizona, May 22-23, 1989, pp 1-20. 

"Developing Integrated Management Strategies for Groundwater 
Production, Recharge, and Protection in the Salt River Valley", in 
Proceedings of the Arizona Hydrological Society 2nd Annual 
Symposium, Casa Grande, Arizona, September 1989. 

"Problems with Groundwater Remediation Projects in the Southwest" , 
Proceedings of the Fourth Annual Symposium: Water Quality and 
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Quantity Issues into the 21st Century, Arizona Hydrologic Society, 
Casa Grande, Arizona, September 12-13, 1991, pp 3-9. 

"Hydrologic Factors Affecting Mobility of Trace Inorganic 
Constituentsft, Journal of Irriqation Drainase Ensheerins, 
ASCE, vOI. 199, NO. 3, 1993, pp 600-612. 

"Results of Twelve Years of Groundwater Monitoring at the SKFCSD 
Facility in Central California", with D. Michel, Proceedings of the 
Symposium on Effluent Use Management, American Water Resources 
Association, Tucson, Arizona, August 29-September 2, 1993, pp 203- 
212. 

llMonitoring Perched Water in Arid Lands", in Handbook of Vadose 
Zone Characterization and Monitoring, edited by L.G. Wilson, L.G. 
Everett, and S.J. Cullen, Lewis Publishers, 1995, pp 639-655. 

'Groundwater Monitoring Associated with Water Transfer and Banking 
Projects", Proceedings of the Symposium on Conjunctive Use of Water 
Resources: Aquifer Storage and Recovery, American Water Resources 
Association, Long Beach, California, October 19-23, 1997, pp 
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DECLARA TTON OF 

I, Kenneth D. Schmidt, declare as follows: 

1. 

2. 

3. 

4. 

I prepared the attached analysis of 

Generating Facility in La Paz County, 

559 221 2660 P.02/1&3 

environmentat impacts of the proposed La Paz 

Arizona, based on my independent review and my 

pmfcssional experience and knowiedge. 

It is my professional opinion that tht analysis is  valid and accurate with respect to the 

issue(5) addmsed therein. 

I am personally f'amiliar with the fhcts and conclusions related in the analysis, and if 

called as 01 witness could testify competently thereto. 

A copy of my pmfcssional qualifications and experience is attached hercto and 

incorporated by reference herein. 

I declare under penalty of perjury that the foregoing is true and correct to the best of my 

knowi&gc. 

Dated: October 19,2001, at Fresno, California 
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of 

J. PHYLLIS FOX, Ph.D. 
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Air Quality Impacts 

Relating to the 

La Paz Generating Facility 

Submitted on behalf of 

Arizona Unions For Reliable Energy 

October 19, 200 1 

J. Phyllis Fox, Ph.D. 
Fox Environmental Management 

2530 Etna Street 
Berkeley, CA 95704 



J. Phyllis Fox, Ph.D 
Environmental Management 

2530 Etna Street 
Berkeley, CA 94704 

5 10-845-0983 (fax) 
Fox@AeroAquaTerra.Com 

5 1 0-843- 1 1 26 

Dr. Fox has over 30 years of experience in the field of environmental engineering, including air 
quality management, water quality and water supply investigations, environmental permitting, 
nuisance investigations, environmental impact reports, C E Q M P A  documentation, risk 
assessments, and litigation support. Her technical education in environmental engineering and 
her broad-based knowledge -of environmental regulations and industrial and commercial facilities 
has been instrumental in her successful management of a wide variety of environmental projects. 

ED U CAT1 0 N 

Ph.D. Environmental Engineering, University of California, Berkeley, 1980. 
M.S. Environmental Engineering, University of California, Berkeley, 1975. 
B.S. Physics (with high honors), University of Florida, Gainesville, 1971. 

Post-Graduate: 
S-Plus Data Analysis, Mathsoft, 6/94. 
Air Pollutant Emission Calculations, UC Berkeley Extension, 6-7/94 
Assessment, Control and Remediation of LNAPL Contaminated Sites, API and USEPA, 9/94 
Pesticides in the TIE Process, SETAC, 6/96 
Sulfate Minerals: Geochemistry, Crystallography, and Environmental Significance, 

Design of Gas Turbine Combined Cycle and Cogeneration Systems, Themoflow, 12/00 
Mineralogical Society of America/Geochemical Society, 1 1/00. 

REGISTRATION 

Class I Environmental Assessor, California (REA-00704) 
Class I1 Environmental Assessor, California (REA-20040) 
Qualified Environmental Professional (QEP #02-0 10007), Institute of Professional 

Professional Engineer (Environmental), Arizona (#3670 1) 
Environmental Practice 

~ 

PROFESSIONAL HISTORY 

Environmental Management, Principal, 198 1 -present 
Lawrence Berkeley Laboratory, Principal Investigator, 1977- 198 1 
University of California, Berkeley, Program Manager, 1976-1977 
Bechtel, Inc., Engineer, 1971-1976 

mailto:Fox@AeroAquaTerra.Com
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PROFESSIONAL AFFILIATIONS 

Society of Environmental Toxicology and Chemistry 
Association for the Environmental Health of Soils 
Air and Waste Management Association 
American Chemical Society 
Phi Beta Kappa 
Sigma Pi Sigma 

Who's Who Environmental Registy, PH Publishing, Fort Collins, CO, 1992. 
who's Who irt the World, Marquis Who's Who, Inc., Chicago, IL, 1 lth Ed., p. 371, 1993-present. 
Who's JKho ofAmerican Women, Marquis Who's Who, Inc., Chicago, IL, 13th Ed.,-p. 264, 1984- 
present. 
who's who in Science and Engineering, Marquis Who's Who, Inc., New Providence, NJ, 5th Ed., 
p. 414, 1999-present. 
Guide to Specialists on Toxic Substances, World Environment Center, New York, NY, p. 80, 
1980. 
National Research Council Committee on Irrigation-Induced Water Quality Problems 
(Selenium), Subcommittee on Quality Control/Quality Assurance (1 985- 1990). 
National Research Council Committee on Surface Mining and Reclamation, Subcommittee on 
Oil Shale (1978-80) 

- 

REPRESENTATIVE EXPERIENCE 

Performed environmental investigations, as outlined below, for a wide range of industrial and 
commercial facilities including refineries, reformulated fuels projects, petroleum distribution 
terminals, conventional and thermally enhanced oil production, underground storage tanks, 
pipelines, gasoline stations, landfills, railyards, hazardous waste treatment facilities, power 
plants, airports, hydrogen plants, asphalt plants, cement plants, incinerators, flares, 
manufacturing facilities (semiconductors, electronic assembly, aerospace components, printed 
circuit boards, amusement park rides), lanthanide processing plants, ammonia plants, urea plants, 
food processing plants, grain processing facilities, paint formulation plants, wastewater treatment 
plants, marine terminals, gas processing plants, steel mills, battery manufacturing plants, 
pesticide manufacturing and repackaging facilities, pulp and paper mills, redevelopment projects 
( e g ,  Mission Bay, Southern Pacific Railyards, Moscone Center expansion, San Diego Padres 
Ballpark), commercial office parks, campuses, and shopping centers, server farms, and a wide 
range of mines including sand and gravel, hard rock, limestone, nacholite, coal, molybdenum, 
gold, zinc, and oil shale. 

~ 
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Environmental ManagementDnvestigations 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Air quality investigations, including emission inventories, BACT/MACT/LAER analyses, 
PSD and NSR permitting, emissions reduction credits and offset programs, air quality 
monitoring, and air quality modeling. 

Nuisance investigations (odor, noise, dust, smoke, indoor air quality, contamination). 

Property damage from environmental contamination. 

Accident investigation and reconstruction. Risk of upset analyses. 

Environmental forensics. 

Geohydrologic, water quality, and water supply investigations. Isotope studies. Engineering 
and modeling studies on surface and ground water contamination, thermal pollution, 
eutrophication, industrial waste treatment, and solid waste disposal. 

Literature surveys, historical research, and file reviews. 

Health risk assessments, preliminary endangerment assessments, and other health studies. 

. 

Statistical analyses and computer simulations of natural systems. Modelling using agency 
and other software including Systat, S-Plus, ISC, SCREEN, ACE 2588, CALINE-4, 
EMFFAC7G, URBEMIS, DEGADIS, ALOHA, Visual MODFLOW and MT3D, among 
others. - 

Environmental monitoring programs, including ambient air quality, indoor air quality, 
surface water quality, and groundwater quality. 

Hazardous waste investigations including phase I/II assessments, remedial investigations, 
feasibility studies, remedia! action plans, work plans, closure plans, and other environmental 
investigations and documentation. 

Environmental compliance audits of industrial properties including electric utilities, 
refineries, and a wide range of manufacturing facilities. 

EXPERT WITNESSLITIGATION SUPPORT 

Represent Florida city in challenging prevention of significant deterioration (PSD) permits 
issued to two 5 10-MW simple cycle peaking electric generating facilities based on proposed 
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BACT limits. Reviewed permit applications, draft permits, and FDEP engineering 
evaluation and assisted counsel in drafting petition. 

Represented coalition of Georgia environmental groups in challenging PSD permit issued to 
1,240 MW natural gas combined-cycle power plant based on proposed BACT limits. 
Prepared technical comments on draft PSD permit on BACT, enforceability of limits, and 
toxic emissions. Reviewed responses to comments and advised counsel on merits. Assisted 
in drafting petition appealing permit. Case settled July 200 1. 

Represent construction unions in review of air quality permitting actions before the Indiana 
Department of Environmental Management for several simple cycle peakers and combined 
cycle power plants. Cases in progress. 

- . 

9 Represent coalition of towns and environmental groups in challenging air permits issued to 
523 MW dual fuel (natural gas and distillate) combined-cycle power plant in Connecticut. 
Prepared technical comments on draft permits and 60 pages of written testimony addressing 
emission estimates, startup/shutdown issues, BACTLAER analyses, and toxic air emissions. 
Presented testimony in administrative hearings before the Connecticut Department of 
Environmental Protection in June 2001. 

Represented coalitions of unions, citizens groups, and developers in licensing and permitting 
of over 12 combined cycle, simple cycle, and peaker power plants in California. Prepared 
analyses of and comments on applications for certification, preliminary and final staff 
assessments, and permits issued by local agencies. Presented testimony before California 
Energy Commission on hazards of ammonia use and transportation, health effects of air 
emissions, contaminated property issues, BACT/LAER issues related to SCR and SCONOx, 
emission estimates, air quality modeling, water supply and water quality issues, and methods 
to reduce water use, including dry cooling, hybrid dry-wet cooling, and zero liquid discharge 
systems. 

Represented lessor of former gas station with leaking underground storage tanks and TCE 
contamination from adjacent property. Lessor held option to purchase, which was forfeited 
based on misrepresentation by remediation contractor as to nature and extent of 
contamination. Remediation contractor purchased property. Reviewed regulatory agency 
files and advised counsel on merits of case. 

Advised counsel on merits of several pending actions, including a Proposition 65 suite 
involving groundwater contamination at an explosives manufacturing firm and two former 
gas stations with leaking underground storage tanks. 

. 

~ 
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Represented defendant foundry in Oakland in a lawsuit brought by neighbors alleging 
property contamination, nuisance, trespass, smoke, and health effects from foundry 
operation. Inspected and sampled plaintiffs property. Advised counsel on merits of case. 

Advised counsel on merits of two proposed appeals of PSD permits for natural-gas fired 
power plants. Assisted counsel in developing technical arguments and drafted portions of the 
appeals and briefs. 

Represented business owner facing eminent domain eviction. Prepared technical comments 
on a negative declaration for soil contamination and public health risks from air emissions 
from a proposed redevelopment project in San Francisco in support of a CEQA lawsuit. 
Case settled. 

Represented residents living downwind of a Berkeley asphalt plant in separate nuisance and 
CEQA lawsuits. Prepared technical comments on air quality, odor, and noise impacts, 
presented testimony at commission and council meetings, participated in community 
workshops, and participated in settlement discussions. Cases settled. Asphalt plant was 
upgraded to include air emission and noise controls, including vapor collection system at 
truck loading station, enclosures for noisy equipment, and improved housekeeping. 

Represented a Fortune 500 residential home builder in claims alleging health effects from . 

faulty installation of gas appliances. Conducted indoor air quality study, advised counsel on 
merits of case, and participated in discussions with plaintiffs. Case settled. 

Represented property owners in Silicon Valley in suit to recover remediation costs from 
insurer for large TCE plume origmating from a manufacturing facility. Conducted 
investigations to demonstrate sudden and accidental release of TCE, including groundwater 
modeling, development of method to date spill, preparation of chemical inventory, 
investigation of historical waste disposal practices and standards, and on-site sewer and 
storm drainage inspections and sampling. Prepared declaration in opposition to motion for 
summary judgment. Case settled. 

Represented residents in east Oakland downwind of a former battery plant in class action 
lawsuit alleging property contamination from lead emissions. Conducted historical research 
and dry deposition modeling that substantiated claim. Participated in mediation at JAMS. 
Case settled. 

Represented property owners in West Oakland who purchased a former gas station that had 
leaking underground storage tanks and groundwater contamination. Reviewed agency files 
and advised counsel on merits of case. Prepared declaration in opposition to summary 
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judgment. Prepared cost estimate to remediate site. Participated in settlement discussions. 
Case settled. 

Consultant to counsel representing plaintiffs in two Clean Water Act lawsuits involving 
selenium discharges into San Francisco Bay from refineries. Reviewed files and advised 
counsel on merits of case. Prepared interrogatory and discovery questions, assisted in 
deposing opposing experts, and reviewed and interpreted treatability and other technical 
studies. Judge ruled in favor of plaintiffs. 

Represented an oil company in a complaint filed by a resident of a small beach community 
alleging that discharges of tank farn-rinse water into the sanitary sewer system caused 
hydrogen sulfide gas to infiltrate residence, sending occupants to hospital. Inspected 
accident site, interviewed parties to the event, and reviewed extensive agency files related to 
incident. Used chemical analysis, field simulations, mass balance calculations, sewer 
hydraulic simulations with SWMM44, atmospheric dispersion modeling with SCKEEN3, 
odor analyses, and risk assessment calculations to demonstrate that the incident was caused 
by a faulty drain trap and inadequate slope of sewer lateral on resident's property. Prepared a 
detailed technical report summarizing these studies. Case settled. 

Represented large West Coast city in suit alleging that leaking underground storage tanks on 
city property had damaged the waterproofing on downgradient building, causing leaks in an 
underground parking structure. Reviewed subsurface hydrogeologic investigations and 
evaluated studies conducted by others documenting leakage from underground diesel and 
gasoline tanks. Inspected, tested, and evaluated waterproofing on subsurface parking 
structure. Waterproofing was substandard. Case settled. 

Represented residents downwind of gravel mine and asphalt plant in Siskiyou County in suit 
to obtain CEQA review of air permitting action. Prepared two declarations analyzing air 
quality and public health impacts. Judge ruled in favor of plaintiffs, closing mine and asphalt 
plant. 

Represented defendant oil company on the California Central Coast in class action lawsuit 
alleging property damage and health effects from subsurface petroleum contamination. 
Reviewed documents, prepared risk calculations, and advised counsel on merits of case. 
Participated in settlement discussions. Case settled. 

- 

Represented defendant oil company in class action lawsuit alleging health impacts from 
remediation of petroleum contaminated site on California Central Coast. Reviewed 
documents, designed and conducted monitoring program, and participated in settlement 
discussions. Case settled. 
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Consultant to attorneys evaluating a potential challenge of USFWS actions under CVPIA 
section 3406(b)(2). Reviewed agency files and collected and analyzed hydrology, water 
quality, and fishery data. Advised counsel on merits of case. Case not filed. 

Represented residents downwind of a Carson refinery in class action lawsuit involving soil 
and groundwater contamination, nuisance, property damage, and health effects from air 
emissions. Reviewed files and provided advise on contaminated soil and groundwater, toxic 
emissions, and health risks. Prepared declaration on refinery fugitive emissions. Prepared 
deposition questions and reviewed deposition transcripts on air quality, soil contamination, 
odors, and health impacts. Case settled. 

Represented residents downwind of a Contra Costa refinery who were affected by an 
accidental release of naphtha. Characterized spilled naphtha, estimated emissions, and 
modeled ambient concentrations of hydrocarbons and sulfur compounds. Deposed. 
Presented testimony in binding arbitration at JAMS. Judge found in favor of plaintiffs. 

Represented residents downwind of Contra Costa County refinery in class action lawsuit 
alleging propeky damage, nuisance, and health effects fiom several large accidents-as well as 
routine operations. Reviewed files and prepared analyses of environmental impacts. 
Prepared declarations, deposed, and presented testimony before jury in one trial and judge in 
second. Case pending. 

Represented business owner claiming damages from dust, noise, and vibration during a 
sewer construction project in San Francisco. Reviewed agency files and PMlO monitoring 
data and advised counsel on merits of case. Case settled. 

Represented residents downwind of Contra Costa County refinery in class action lawsuit 
alleging property damage, nuisance, and health effects. Prepared declaration in opposition to 
summary judgment, deposed, and presented expert testimony on accidental releases, odor, 
and nuisance before jury. Case thrown out by judge, but reversed on appeal and to be retried. 

- 

Presented testimony in small claims court on behalf of residents claiming health effects from 
flaring emissions triggered by a power outage at a Contra Costa County refinery. Analyzed 
meteorological and air quality data and evaluated potential health risks of exposure to low 
concentrations of hydrogen sulfide. 

Represented construction unions in Prevention of Significant Deterioration permitting action 
for an Indiana steel mill. Prepared technical comments on draft PSD permit, drafted 70-page 
appeal of agency permit action to the Environmental Appeals Board challenging permit 
based on faulty BACT analysis for electric arc &mace and reheat furnace and faulty permit 
conditions, among others, and drafted briefs responding to four parties. EPA Region V and 
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the EPA General Counsel intervened as amici, supporting petitioners. EAB ruled in favor of 
petitioners, remanding permit to IDEM on three key issues, including BACT for the reheat 
furnace and lead emissions from the EAF. Drafted motion to reconsider three issues. 
Prepared 69 pages of technical comments on revised draft PSD permit. Drafted second EAB 
appeal addressing lead emissions i?om the EAF and BACT for reheat furnace based on 
European experience with SCWSNCR. Case settled. 

Represented defendant urea manufacturer in Alaska in negotiations with USEPA to seek 
relief from penalties for alleged violations of the Clean Air Act. Reviewed and evaluated 
regulatory files and monitoring data, prepared technical analysis demonstrating that permit 
limits were not violated, and participated in negotiations with EPA to dismiss action. Fines 
were substantially reduced and case closed. 

Represented construction unions in Prevention of Significant Deterioration permitting action 
for an Indiana grain mill. Prepared technical comments on draft PSD permit and assisted 
counsel draft appeal of agency permit action to the Environmental Appeals Board 
challenging permit based on faulty BACT analyses for heaters and boilers and faulty permit 
conditions, among others. Case settled. 

As part of a consent decree settling a CEQA lawsuit, represented neighbors of a large west 
coast port in negotiations with port authority to secure mitigation for air quality impacts. 
Prepared technical comments on mobile source air quality impacts and mitigation and 
negotiated a $9 million CEQA mitigation package. Currently representing neighbors on 
technical advisory committee established by port to implement the air quality mitigation 
program. 

Represented construction unions in permitting action for a California hazardous waste 
incinerator. Prepared technical comments on draft permit, assisted counsel prepare appeal of 
EPA permit to the Environmental Appeals Board. Participated in settlement discussions on 
technical issues with applicant and EPA Region 9. Case settled. 

Represented environmental group in challenge of DTSC Negative Declaration on a 
hazardous waste treatment facility. Prepared technical comments on risk of upset, water, and 
health risks. Writ of mandamus issued. 

For over 100 industrial facilities, commercial/campus, and redevelopment projects, 
developed the record in preparation for CEQA and NEPA lawsuits. Prepared technical 
comments on hazardous materials, solid wastes, public utilities, noise, worker safety, air 
quality, public health, water resources, water quality, and risk of upset sections of EIRs, 
EISs, initial studies, and negative declarations. Assisted counsel in drafting petitions and 
briefs and prepared declarations. 
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For several large commercial development projects, assisted applicant and counsel respond 
to comments and identify and evaluate "all feasible" mitigation to avoid CEQA challenges.. 
This work included developing mitigation programs to reduce traffic-related air quality 
impacts based on energy conservation programs, photovoltaics, low-emission vehicles, 
alternative fuels, exhaust treatments, and transportation management associations. 

SITE INVESTIGATION/REMEDIATION/CLOSURE 

Technical manager and principal engineer for characterization, remediation, and closure of 
waste management units at former oil shale plant in Colorado. Constituents of concern 
included BTEX, As, 1, 1,l -TCA, and TPH. Completed groundwater monitoring programs, 
site assessments, work plans, and closure plans for seven process water holding ponds, a 
refinery sewer system, and processed shale disposal area. Managed design and construction 
of groundwater treatment system and removal actions and obtained clean closure. 

Principal engineer for characterization, remediation, and closure of process water ponds at a 
former lanthanide processing plant in Colorado. Designed and implemented groundwater 
monitoring program and site assessments and prepared closure plan. 

a Advised the city of Sacramento on redevelopment of two former railyards. Reviewed work 
plans, site investigations, risk assessment, RAPS, RvFSs, and CEQA documents. 
Participated in the development of mitigation strategies to protect construction and utility 
workers and the public during remediation, redevelopment, and use of the site, including 
buffer zones, subslab venting, rail berm -containment structure, and an environmental 
oversight plan. 

Provided technical support for the investigation of a former sanitary landfill that was 
redeveloped as single family homes. Reviewed andor prepared portions of numerous 
documents, including health risk assessments, preliminary endangerment assessments, site 
investigation reports, work plans, and W S s .  Historical research to identify historic waste 
disposal practices to prepare a preliminary endangerment assessment. Acquired, reviewed, 
and analyzed the files of 18 federal, state, and local agencies, three sets of construction field 
notes, analyzed 2 1 aerial photographs and interviewed 14 individuals associated with 
operation of former landfill. Prepared summary reports. 

- 

Technical oversight of characterization and remediation of a nitrate plume at an explosives 
manufacturing facility in Lincoln, CA. Provided interface between owners and consultants. 
Reviewed site assessments, work plans, closure plans, and W S s .  

9 Consultant to owner of large western molybdenum mine proposed for NPL listing. 
Participated in negotiations to scope out consent order and develop scope of work. 
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Participated in studies to determine premining groundwater background to evaluate 
applicability of water quality standards. Served on technical committees to develop 
alternatives to mitigate impacts and close the facility, including resloping and grading, 
various thickness and types of covers, and reclamation. This work included developing and 
evaluating methods to control surface runoff and erosion, mitigate impacts of acid rock 
drainage on surface and ground waters, and stabilize nine waste rock piles containing 328 
million tons of pyrite-rich, mixed volcanic waste rock (andesites, rhyolite, tuff). Evaluated 
stability of waste rock piles. Represented client in hearings and meetings with state and 
federal oversight agencies. 

REGULATORY PERMlTTlNG/NEGOTIATIONS 

Prepared Authority to Construct Permit for remediation of a large petroleum-contaminated 
site on the Central Coast. Negotiated conditions with agencies and secured permits. 

Prepared Authority to Construct Permit for remediation of a former oil field on the Central 
Coast. Participated in negotiations with agencies and secured permits. 

Prepared and/or reviewed hundreds of environmental permits, including NPDES, UIC, 
Stormwater, Authority to Construct, Prevention of Significant Deterioration, New Source 
Review, and RCR4, among others. 

Participated in the development of the CARB document, Guidance for  Power Plant Siting 
and Best Available Control Technology, including attending public workshops and filing 
technical comments. 

. 

Performed data analyses in support of adoption of emergency power restoration standards by 
the Public Utilities Commission for “major” power outages, where major is an outage that 
simultaneously affects 10% of the customer base. 

Drafted portions of the Good Neighbor Ordinance to grant Contra Costa County greater 
authority over safety of local industry, particularly chemical plants and refineries. 

Participated in drafting BAAQMD Regulation 8, Rule 28, Pressure Relief Devices, 
including participation in public workshops, review of staff reports, draft rules and other 
technical materials, preparation of technical comments on staff proposals, research on 
availability and costs of methods to control PRV releases, and negotiations with staff. 

Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors, 
including participation in public workshops, review of staff reports, proposed rules and other 
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supporting technical material, preparation of technical comments on staff proposals, research 
on availability and cost of low-leak technology, and negotiations with staff. 

Participated in amending BAAQMD Regulation 8, Rule 25, Pumps and Compressors, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and costs of low-leak and seal-less technology, and-negotiations with staff. 

Participated in amending BAAQMD Regulation 8, Rule 5, Storage of Organic Liquids, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability and costs of controlling tank emissions, and presentation of testimony before 
the Board. 

Participated in amending BAAQMD Regulation 8, Rule 18, Valves and Connectors at 
Petroleum Refinery Complexes, including participation in public workshops, review of staff 
reports, proposed rules and other supporting technical material, preparation of technical 
comments on staff proposals, research on availability and costs of low-leak technology, and 
presentation of testimony before the Board. 

Participated in amending BAAQMD Regulation 8, Rule 22, Valves and Flanges at Chemical 
Plants, etc, including participation in public workshops, review of staff reports, proposed 
rules, and other supporting technical material, preparation of technical comments on staff 
proposals, research on availability and costs of low-leak technology, and presentation of 
testimony before the Board. 

Participated in amending BAAQMD Regulation 8, Rule 25, Pump and Compressor Seals, 
including participation in public workshops, review of staff reports, proposed rules, and other 
supporting technical material, preparation of technical comments on staff proposals, research 
on availability of low-leak technology, and presentation of testimony before the Board. 

Participated in the development of the BAAQMD Regulation 2, Rule 5 ,  Toxics, including 
participation in public workshops, review of staff proposals, and preparation of technical 
comments. 

Participated in the development of SCAQMD Rule 1402, Control of Toxic Air Contaminants 
c om Existing Sources, and proposed amendments to Rule 140 1 , New Source Review of 
Toxic Air Contaminants, in 1993, including review of staff proposals and preparation of 
technical comments on same. 
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Participated in the development of the Sunnyvale Ordinance to Regulate the Storage, Use 
and Handling of Toxic Gas, which was designed to provide engineering controls for gases 
that are not otherwise regulated by the Uniform Fire Code. 

Participated in the drafting of the Statewide Water Quality Control Plans for Inland Surface 
Waters and Enclosed Bays and Estuaries, including participation in workshops, review of 
draft plans, preparation of technical comments on draft plans, and presentation of testimony 
before the SWRCB. 

Participated in developing Se permit effluent limitations for the five Bay Area refineries, 
including review of staff proposals, statistical analyses of Se effluent data, review of 
literature on aquatic toxicity of Se, preparation of technical c o k e n t s  on several staff 
proposals, and presentation of testimony before the Bay Area RWQCB. 

Represented the California Department of Water Resources in the 1991 Bay-Delta Hearings 
before the State Water Resources Control Board, presenting sworn expert testimony with 
cross examination and rebuttal on a striped bass model developed by the California 
Department of Fish and Game. 

Represented the State Water Contractors in the 1987 Bay-Delta Hearings before the State 
Water Resources Control Board, presenting sworn expert testimony with cross examination 
and rebuttal on natural flows, historical salinity trends in San Francisco Bay, Delta outflow, 
and hydrodynamics of the South Bay. 

Represented interveners in the licensing of 12 natural-gas-fired power plants and one coal 
gasification plant at the California Energy Commission. Reviewed and prepared technical 
comments on applications for certification, preliminary staff assessments, final staff 
assessments, preliminary determinations of compliance, final determinations of compliance, 
and prevention of significant deterioration permits in the areas of air quality, water supply, 
water quality, biology, public health, worker safety, transportation, site contamination, and 
hazardous materials. Presented written and oral testimony in evidentiary hearings with cross 
examination and rebuttal. Participated in technical workshops. 

Represented several parties in the proposed merger of San Diego Gas & Electric and 
Southern California Edison. Prepared independent technical analyses on health risks, air 
quality, and water quality. Presented written and oral testimony before the Public Utilities 
Commission administrative law judge with cross examination and rebuttal. 

Represented a PRP in negotiations with local health and other agencies to establish impact of 
subsurface contamination on overlying residential properties. Reviewed health studies 
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prepared by agency consultants and worked with agencies and their consultants to evaluate 
health risks. 

WATER QUALITY/RESOURCE PLANNING 

. Directed and participated in research on environmental impacts of energy development in 
the Colorado River Basin, including contamination of surface and subsurface waters and 
modeling of flow and chemical transport through fractured aquifers. 

. Played a major role in Northern California water resource planning studies since the early 
1970s. Prepared portions of the Basin Plans for the Sacramento, San Joaquin, and Delta 
basins including sections on water supply, water quality, beneficial uses, waste load 
allocation, and agricultural drainage. Developed water quality models for the Sacramento 
and San Joaquin Rivers. 

. 
- 

Conducted hundreds of studies over the past 30 years on Delta water supplies and their 
impacts on water supply, water quality, and biological resources of the Central Valley, 
Sacramento-San Joaquin Delta, and San Francisco Bay. Typical examples include: 

1. 

2. 

3. 

4. 

5.  

6 .  

7. 

8. 

9. 

Evaluate historical trends in salinity, temperature, and flow in San Francisco Bay 
and upstream rivers to determine impacts of water exports on the estuary; 
Evaluate the role of exports and natural factors on the food web by exploring the 
relationship between salinity and primary productivity in San Francisco Bay, 
upstream rivers, and ocean; 
Evaluate the effects of exports, other in-Delta, and upstream factors an the 
abundance of salmon and striped bass; 
Review and critique agency fishery models that link water exports with the 
abundance of striped bass and salmon; 
Develop a model based on GLMs to estimate the relative impact of exports, 
water facility operating variables, tidal phase, salinity, temperature, and other 
variables on the survival of salmon smolts as they migrate through the Delta; 
Reconstruct the natural hydrology of the Central Valley using water balances, 
vegetation mapping, reservoir operation models to simulate flood basins, 
precipitation records, tree ring research, and historical research; 
Evaluate the relationship between biological indicators of estuary health and 
down-estuary position of a salinity surrogate (X2); 
Use real-time fisheries monitoring data to quantify impact of exports on fish 
migration; 
Refine/develop statistical theory of autocorrelation and use to assess strength of 
relationships between biological and flow variables; 

- 
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10. Collect, compile, and analyze water quality and toxicity data for surface waters in 
the Central Valley to assess the role of water quality in fishery declines; 

1 1. Assess mitigation measures, including habitat restoration and changes in water 
project operation, to minimize fishery impacts; 

12. Evaluate the impact of unscreened agricultural water diversions on abundance of 
larval fish; 

13. Prepare and present testimony on the impacts of water resources development on 
Bay hydrodynamics, salinity, and temperature in water rights hearings; 

14. Evaluate the impact of boat wakes on shallow water habitat, including 
interpretation of historical aerial photographs; 

15. Evaluate the hydrodynamic and water quality impacts of converting Delta islands 
into reservoirs; 

16. Use a hydrodynamic model to simulate the distribution of larval fish in a tidally 
influenced estuary; 

17. Identi@ and evaluate non-export factors that may have contributed to fishery 
declines, including predation, shifts in oceanic conditions, aquatic toxicity from 
pesticides and mining wastes, salinity intrusion from channel dredging, loss of 
riparian and marsh habitat, sedimentation from upstream land alternations, and 
changes in dissolved oxygen, flow, and temperature below dams. 

- 

9 Developed, directed, and participated in a broad-based research program on environmental 
issues and control technology for energy industries including petroleum, oil shale, coal 
mining, and coal slurry transport. Research included evaluation of air and water pollution, 
development of novel, low-cost technology to treat and dispose of wastes, and development 
and application of geohydrologic models to evaluate subsurface contamination from in-situ 
retorting. The program consisted of government and industry contracts and employed 45 
technical and administrative personnel. 

Coordinated an industry task force established to investigate the occurrence, causes, and 
solutions for corrosioderosion and mechanical/engineering failures in the waterside systems 
(e.g., condensers, steam generation equipment) of power plants. Corrosioderosion failures 
caused by water and steam contamination that were investigated included waterside 
corrosion caused by poor microbiological treatment of cooling water, steam-side corrosion 
caused by ammonia-oxygen attack of copper alloys, stress-corrosion cracking of copper 
alloys in the air cooling sections of condensers, tube sheet leaks, oxygen in-leakage through 
condensers, volatilization of silica in boilers and carry over and deposition on turbine blades, 
and iron corrosion on boiler tube walls. MechanicaYengineering failures investigated 
included: steam impingement attack on the steam side of condenser tubes, tube-to-tube-sheet 
joint leakage, flow-induced vibration, structural design problems, and mechanical failures 
due to stresses induced by shutdown, startup and cycling duty, among others. Worked with 
electric utility plant owners/operators, condenser and boiler vendors, and architectiengineers 
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to collect data to document the occurrence of and causes for these problems, prepared reports 
summarizing the investigations, and presented the results and participated on a committee of 
industry experts tasked with identifylng solutions to prevent condenser failures. 

Evaluated the cost effectiveness and technical feasibility of using dry cooling and parallel 
dry-wet cooling to reduce water demands of several large natural-gas fired power plants to 
comply with SWRCB Policy 75-58. 

Designed, evaluated, and costed several zero liquid discharge systems for power plants. 

Evaluated the impact of agricultural and mining practices on surface water quality of Central 
Valley steams. Represented municipal water agencies on several federal and state advisory 
committees tasked with gathering and assessing relevant technical information, developing 
work plans, and providing oversight of technical work to investigate toxicity issues in the 
watershed. 

AIR QUALITY 

Prepared or reviewed the air quality sections of hundreds of EIRs and EISs on a wide range 
of industrial, commercial and residential projects. 

Prepared or reviewed hundreds of NSR and PSD permits for a wide range of industrial 
facilities. 

Designed, implemented, and directed a 2-year-long community monitoring program to assure 
that residents downwind of a petroleum-contaminated site were not impacted during 
remediation of petroleum-contaminated soils. The program included real-time monitoring of 
particulates, diesel exhaust, and BTEX and time integrated monitoring for over 100 
chemicals. 

Designed, implemented, and directed a 5-year long source, industrial hygiene, and ambient 
monitoring program to characterize air emissions, employee exposure, and downwind 
environmental impacts of a first-generation shale oil plant. The program included stack 
monitoring of heaters, boilers, incinerators, sulfur recovery units, rock crushers, API 
separator vents, and wastewater pond fugitives for arsenic, cadmium, chlorine, chromium, 
mercury, 15 organic indicators (e.g., quinoline, pyrrole, benzo(a)pyrene, thiophene, benzene), 
sulfur gases, hydrogen cyanide, and ammonia. In many cases, new methods had to be 
developed or existing methods modified to accommodate the complex matrices of shale plant 
gases. 
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Conducted investigations on the impact of diesel exhaust from truck traffic from a wide 
range of facilities including mines, large retail centers, light industrial uses, and sports 
facilities. Conducted traffic surveys, continuously monitored diesel exhaust using an 
aethalometer, and prepared health risk assessments using resulting data. 

Conducted indoor air quality investigations to assess exposure to natural gas leaks, 
pesticides, molds and fungi, soil gas from subsurface contamination, and outgasing of 
carpets, drapes, furniture and construction materials. Prepared health risk assessments using 
collected data. 

Prepared health risk assessments, emission inventories, air quality analyses, and assisted in 
the permitting of over 70 1 to 2 Mw emergency diesel generators. 

Developed methods to monitor trace elements in gas streams, including a continuous real- 
time monitor based on the Zeeman atomic absorption spectrometer, to continuously measure 
mercury and other elements. 

PUBLICATIONS AND PRESENTATIONS (Partial List - Representative Publications) 

C.E. Lambert, E.D. Winegar, and Phyllis Fox, Ambient and Human Sources of Hydrogen 
Sulfide: An Explosive Topic, Air & Waste Management Association, June, 2000, Salt Lake City, 
UT. 

San Luis Obispo County Air Pollution Control District and San Luis Obispo County Public 
Health Department, Community Monitoring Program, February 8, 1999. 

The Bay Institute, From the Sierra to the Sea. The Ecological History of the Sun Francisco Bay- 
Delta Watershed, 1998. 

J. Phyllis Fox,-Well Interference Efects of HDPP’s Proposed Wellfield in the Victor Valley 
Water District, Prepared for the California Unions for Reliable Energy (CURE), October 12, 
1998. 

J. Phyllis Fox, Air Quality Impacts of Using CPVC Pipe in Indoor Residential Potable Water 
Systems, Report Prepared for California Pipe Trades Council, California Firefighters Association, 
and other trade associations, August 29, 1998. 

J. Phyllis Fox and others, Authority to Construct Avila Beach Remediation Project, Prepared for 
Unocal Corporation and submitted to San Luis Obispo Air Pollution Control District, June 1998. 
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J. Phyllis Fox and others, Authority to Construct Former Guadalupe Oil Field Remediation 
Project, Prepared for Unocal Corporation and submitted to San Luis Obispo Air Pollution 
Control District, May 1998. 

J. Phyllis Fox and Robert Sears, Health Risk Assessment for the Metropolitan Oakland 
International Airport Proposed Airport Development Program, Prepared for Plumbers & 
Steamfitters U.A. Local 342, December 15, 1997. 

Levine-Fricke-Recon (Phyllis Fox and others), Preliminary Endangerment Assessment Work 
Plan for the Study Area Operable Unit, Former Solano County Sanitaly Landfill, Benicia, 
California, Prepared for Granite Management Co. for submittal to DTSC, September 26, 1997. 

Phyllis Fox and Jeff Miller, "Fathead Minnow Mortality in the Sacramento River," IEP 
Newsletter, v. 9, n. 3, 1996. 

Jud Monroe, Phyllis Fox, Karen Levy, Robert Nuzum, Randy Bailey, Rod Fujita, and Charles 
Hanson, Habitat Restoration in Aquatic Ecosystems. A Review of the Scientific Literature 
Related to the Principles of Habitat Restoration, Part Two, Metropolitan vater District of 
Southern California (MWD) Report, 1996. 

Phyllis Fox and Elaine Archibald, Aquatic Toxicity and Pesticides in Suflace Waters of the 
Central Yalley, California Urban Water Agencies (CUWA) Report, September 1997. 

Phyllis Fox and Alison Britton, Evaluation of the Relationship Between Biological Indicators 
and the Position of X2, CUWA Report, 1994. 

Phyllis Fox and Alison Britton, Predictive Ability of the Striped Bass Model, WRINT DWR-206, 
1992. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the North Canyon Area of 
the Former Solano County Sanitary LandJill, Report Prepared for Solano County Department of 
Environmental Management, 199 1. 

J. Phyllis Fox, An Historical Overview of Environmental Conditions at the East Canyon Area of 
the Former Solano County Sanitary Landfill, Report Prepared for Solano County Department of 
Environmental Management, 199 1. 

Phyllis Fox, Trip 2 Report, Environmental Monitoring Plan, Parachute Creek Shale Oil 
Program, Unocal Report, 199 1. 
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J. P. Fox and others, "Long-Term Annual and Seasonal Trends in Surface Salinity of San 
Francisco Bay," Journal of Hydrology, v. 122, p. 93-1 17, 1991. 

J. P. Fox and others, "Reply to Discussion by D.R. Helsel and E.D. Andrews on Trends in 
Freshwater Inflow to San Francisco Bay from the Sacramento-San Joaquin Delta," Water 
Resources Bulletin, v. 27, no. 2, 1991. 

J. P. Fox and others, "Reply to Discussion by Philip B. Williams on Trends in Freshwater Inflow 
to San Francisco Bay from the Sacramento-San Joaquin Delta," Water Resources Bulletin, v. 27, 
no. 2, 1991. 

J. P. Fox and others, "Trends in Freshwater Inflow to San Francisco Bay from the Sacramento- 
San Joaquin Delta," Water Resources -Bulletin, v. 26, no. 1, 1990. 

J. P. Fox, "Water Development Increases Freshwater Flow to San Francisco Bay," SCWC 
Update, v. 4, no. 2, 1988. 

J. P. Fox, Freshwater Inflow to San Francisco Bay Under Natural Conditions, State Water 
Contracts, Exhibit 262, 58 pp., 1987. 

J. P. Fox, "The Distribution of Mercury During Simulated In-Situ Oil Shale Retorting," 
Environmental Science and Technology, v. 19, no. 4, pp. 316-322, 1985. 

J. P. Fox, "El Mercurio en el Medio Ambiente: Aspectos Referentes a1 Peru," Proceedings of 
Simposio Los Pesticidas y el Medio Ambiente," ONERN-CONCYTEC, Lima, Peru, April 25-27, 
1984. (Also presented at Instituto Tecnologico Pesquero and Instituto del Mar del Peru.) - 

J. P. Fox, "Mercury, Fish, and the Peruvian Diet," Boletin de Investigacion, Instituto Tecnologico 
Pesquero, Lima, Peru, v. 2, no. 1, pp. 97-1 16,1984. 

J. P. Fox, P. Persoff, A. Newton, and R. N. Heistand, "The Mobility of Organic Compounds in a 
Codisposal System," Proceedings of the Seventeenth Oil Shale Symposium, Colorado School of 
Mines Press, Golden, COY 1984. 

P. Persoff and J. P. Fox, "Evaluation of Control Technology for Modified In-Situ Oil Shale 
Retorts," Proceedings of the Sixteenth Oil Shale Symposium, Colorado School of Mines Press, 
Golden, CO, 1983. 

J. P. Fox, Leaching of Oil Shale Solid Wastes: A Critical Review, University of Colorado 
Report, 245 pp., July 1983. 
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J. P. Fox, Source Monitoring for Unregulated Pollutants from the white River Oil Shale Project, 
VTN Consolidated Report, June 1983. 

A. S. Newton, J. P. Fox, H. Villarreal, R. Raval, and W. Walker 11, Organic Compounds in Coal 
Slurry Pipeline Waters, Lawrence Berkeley Laboratory Report LBL-15121,46 pp., Sept. 1982. 

M. Goldstein et al.,-High Level Nuclear Waste Standards Analysis, Regulatory Framework 
Comparison, Battelle Memorial Institute Report No. BPMD/82/E5 15-06600/3, Sept. 1982. 

J. P. Fox et al., Literature and Data Search of Wakr Resource Information of the Colorado, 
Utah, and Wyoming Oil Shale Basins, Vols. 1-12, Bureau of Land Management, 1982. 

A. T. Hodgson, M. J. Pollard, G. J. Hams, D. C. Girvin, J. P. Fox, and N. J. Brown, Mercury 
Mass Distribution During Laboratory and Simulated In-Situ Retorting, Lawrence Berkeley 
Laboratory Report LBL-12908,39 pp., Feb. 1982. 

E. J. Peterson, A. V. Henicksman, J. P. Fox, J. A. O'Rourke, and P. Wagner, Assessment and 
Control of Water Contamination Associated with Shale Oil Extraction and Processing, Los 
Alamos National Laboratory Report LA-9084-PR7 54 pp., April 1982. 

P. Persoff and J. P. Fox, Control Technology for In-Situ Oil Shale Retorts, Lawrence Berkeley 
Laboratory Report LBL-14468, 118 pp., Dec. 1982. 

J. P. Fox, Codisposal Evaluation: Environmental Significance of Organic Compounds, 
Development Engineering Report, 104 pp., April 1982. 

J. P. Fox, A Proposed Strategy for Developing an Environmental Water Monitoring Plan for the 
Paraho-Ute Project, VTN Consolidated Report, Sept. 1982. 

J. P. Fox, D. C. Girvin, and A. T. Hodgson, "Trace Elements in Oil Shale Materials," Energy and 
Environmental Chemistry, Fossil Fuels, v.1, pp. 69-101, 1982. 

M. Mehran, T. N. Narasimhan, and J. P. Fox, "Hydrogeologic Consequences of Modified In-situ 
Retorting Process, Piceance Creek Basin, Colorado," Proceedings of the Fourteenth Oil Shale 
Symposium, Colorado School of Mines Press, Golden, CO, 198 1 (LBL- 12063). 

U. S. DOE (J. P. Fox and others), Western Oil Shale Development: A Technology Assessment, v. 
1-9, Pacific Northwest Laboratory Report PNL-3 830, 198 1. 
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J. P. Fox (ed), "Oil Shale Research," Chapter from the Energy and Environment Division Annual 
Report 1980, Lawrence Berkeley Laboratory Report LBL-11989, 82 pp., 1981 (author or co- 
author of four articles in report). 

J. P. Fox, The Partitioning of Major, Minor, and Trace Elements during In-Situ Oil Shale 
Retorting, Ph.D. Dissertation, U. of Ca., Berkeley, also Report LBL-9062, 441 pp., 1980 (Diss. 
Abst. Internat., v. 41, no. 7, 1981). 

- J.P. Fox, "Elemental Composition of Simulated In Situ Oil Shale Retort Water," Analysis of 
Waters Associated with Alternative Fuel Production, ASTM STP 720, L.P. Jackson and C.C. 
Wright, Eds., American Society for Testing and Matefials, pp. 101-128, 1981. 

J. P. Fox, P. Persoff, P. Wagner, and E. J. Peterson, "Retort Abandonment -- Issues and Research 
Needs," in Oil Shale: the Environmental Challenges, K. K. Petersen (ed.), p. 133, 1980 
(Lawrence Berkeley Laboratory Report LBL-11197). 

J. P. Fox and T. E. Phillips, "Wastewater Treatment in the Oil Shale Industry," in Oil Shale: the 
Environmental Challenges, K. K. Petersen (ed.), p. 253,-1980 (Lawrence Berkeley Laboratory 
Report LBL-11214). 

R. D. Giauque, J. P. Fox, J. W. Smith, and W. A. Robb, "Geochemical Studies of Two Cores 
from the Green River Oil Shale Formation," Transactions, American Geophysical Union, v. 61, 
no. 17, 1980. 

J. P. Fox, "The Elemental Composition of Shale Oils," Abstracts of Papers, 179th National 
Meeting, ISBN 0-8412-0542-6, Abstract No. FUEL 17, 1980.- 

J. P. Fox and P. Persoff, "Spent Shale Grouting of Abandoned In-Situ Oil Shale Retorts," 
Proceedings of Second US. DOE Environmental Control Symposium, COW-800334/1, 1980 
(Lawrence Berkeley Laboratory Report LBL- 10744). 

P. K. Mehta, P. Persoff, and J. P. Fox, "Hydraulic Cement Preparation from Lurgi Spent Shale," 
Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of Mines Press, Golden, 
CO, 1980 (Lawrence Berkeley Laboratory Report LBL- 1 107 1). 

F. E. Brinckman, K. L. Jewett, R. H. Fish, and J. P. Fox, "Speciation of Inorganic and 
Organoarsenic Compounds in Oil Shale Process Waters by HPLC Coupled with Graphite 
Furnace Atomic Absorption (GFAA) Detectors," Abstracts of Papers, Div. of Geochemistry, 
Paper No. 20, Second Chemical Congress of the North American Continent, August 25-28, 1980, 
Las Vegas (1980). 
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J. P. Fox, D. E. Jackson, and R. H. Sakaji, "Potential Uses of Spent Shale in the Treatment of Oil 
Shale Retort Waters," Proceedings of the Thirteenth Oil Shale Symposium, Colorado School of 
Mines Press, Golden, COY 1980 (Lawrence Berkeley Laboratory Report LBL-11072). 

J. P. Fox, The Elemental Composition of Shale Oils, Lawrence Berkeley Laboratory Report LBL- 
10745, 1980. 

R. H. Fish, J. P. Fox, F. E. Brinckman, and K. L. Jewett, Fingerprinting Inorganic and 
Organoarsenic Compounds in Oil Shale Process Waters Using a Liquid Chromatograph 
Coupled with an Atomic Absorption Detector, Lawrence Berkeley Laboratory Report LBL- 
11476, 1980. 

National Academy of Sciences (J. P. Fox and others), SurjGace Mining of Non-Coal Minerals, 
Appendix 11: Mining and Processing of Oil Shale and Tar Sands, 222 pp., 1980. 

J. P. Fox, "Elemental Composition of Simulated In-Situ Oil Shale Retort Water," in Analysis of 
Waters Associated with Alternative Fuel Production, ASTM STP 720, L. P. Jackson and C. C. 
Wright (eds.), American Society for Testing and Materials, pp. 101-128, 1980. ~ 

R. D. Giauque, J. P. Fox, and J. W. Smith, Characterization of Two Core Holesfrom the Naval 
Oil Shale Reserve Number I ,  Lawrence Berkeley Laboratory Report LBL-10809, 176 pp., 
December 1980. 

B. M. Jones, R. €3. Sakaji, J. P. Fox, and C. G. Daughton, "Removal of Contaminative 
Constituents from Retort Water: Difficulties with Biotreatment and Potential Applicability of - 

Raw and Processed Shales," EPA/DOE Oil Shale Wastewater Treatability Workshop, December 
1980 (Lawrence Berkeley Laboratory Report LBL- 12124). 

J. P. Fox, Water-Related Impacts of In-Situ Oil Shale Processing, Lawrence Berkeley Laboratory 
Report LBL-6300,327 p., December 1980. 

M. Mehran, T. N. Narasimhan, and J. P. Fox, An Investigation of Dewatering for  the ModiJied 
In-Situ Retorting Process, Piceance Creek Basin, Colorado, Lawrence Berkeley Laboratory 
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TESTIMONY OF 1. PHYLLIS FOX, Ph.D. 

I have reviewed the following materials submitted by Allegheny Energy 
Supply, LLC ("applicant"): (a) Application for a Certificate of Environmental 
Compatibility for the La Paz Generating Facility, submitted to the Arizona Power 
Plant and Transmission Line Siting Committee (July 3,2001; and (b) Application 
for a Class I Permit for the La Paz Generating Facility, submitted to the Arizona 
Department of Environmental Quality (October 2,2001). The following is my 
testimony relating to the information provided therein. 

BEST AVAILABLE CONTROL TECHNOLOGY 

I. BEST AVAILABLE CONTROL TECHNOLOGY ("BACTII) NOT 
REQUIRED FOR TURBINES 

Under the federal Clean Air Act, a new major source such as the La Paz 
Project must apply best available control technology (I'BACT'I). The Siting 
Application claims that BACT for the turbines is 2.5 parts per million volume 
basis ("ppmv") for nitrogen oxides ("NOXI'), 10 ppmvd for ammonia slip ("N&"), 
5 ppmv for carbon monoxide ("CO"), and 2.9 ppmv for volatile organic 
compounds ("VOCs"). However, a review of the supporting information 
indicates that the proposed emission limits are not BACT. 

BACT means (AAC R18-2-101(19)): 

an emission limitation, including a visible emissions standard, 
based on the maximum degree of reduction for each air pollutant 
listed in R18-2-101(97)(a) which would be emitted from any 
proposed major source or major modification, taking into account 
energy, environmental, and economic impact and other costs, 
determined by the Director ... to be achievable for such source or 
modification. 

BACT is normally selected using the "top-down" process as outlined in 
EPAs NSR Manual. (NSR Manua1,l Chapter B.) The New Source Review 
(IINSRII) Manual and the top down procedure have been accepted by EPA's 
Environmental Appeals Board ("EAB") "as the most current statement of the 

1 U.S. EPA, New Source Review Workshop Manual. Prevention of Simificant Deterioration and 
Nonattainment Area Permitting, Draft, October 1990. 
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Agency's thinking on BACT issues" and are routinely used to decide cases 
involving matters of federal law. 

The top-down BACT process consists of five steps that are discussed in 
detail in Section B of the NSR Manual and articulated in the Siting Application. 
(App., pp. B-1-5/6.) These steps are (NSR Manual, Table B-1): 

1. Identify all control technologies (including lowest achievable emission 
rate or LAER) 

2.- Eliminate techrucally infeasible options 

3. Rank remaining control technologies by control effectiveness 

I 4. Evaluate the most effective control and document results 

5. Select BACT 

In brief, the top-down process requires all emission limits to be ranked in 
descending order. The applicant must first examine the most stringent - or "top" 
- limit. That limit is established as BACT unless the applicant demonstrates, and 
the permitting authority agrees, that technical considerations, or energy, 
environmental, or economic impacts justify a conclusion that the most stringent 
limit is not "achievable." (NSR Manual, p. B.2.) 

The top-down BACT analyses performed by the applicant deviate 
substantially from this federal guidance because they failed to identify, evaluate, 
and select the lowest emission limits, as discussed below. As a result, the 
applicant has not selected BACT forthis project. 

1.A Averaging Times Not Specified 

BACT is an emission limit under both the Arizona and federal definitions 
of BACT. An emission limit must be accompanied by an averaging time to be 
federally enforceable. (NSR Manual, p. B.56.) Thus, proper BACT limits are 
always accompanied by an averaging time, e.g., 2.5 ppmv averaged over 1 hour. 
None of the proposed BACT limits included in either the Siting or the Class I 
Permit Applications is accompanied by an averaging time. 
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1.B BACT For NOx From The Gas Turbines Not Required 

The Applications claim that BACT for NOx is an emission limit of 2.5 
ppm, achieved with a selective catalytic reduction (''SCR'') system and an 
ammonia slip of 10 ppm. This is not BACT for the project. 

The applicant identified two NOx limits that are lower than the 2.5 ppm 
limit proposed for La Paz, 1 ppm and 2 ppm, but did not adopt either. BACT is 
"an emissions limitation ... based on the maximum degree of reduction." 40 CFR 
52.21(b)(12). The top-down guidance in the NSR Manual sets out a very strict 
standard that must be met when the top limit is not picked, as here, viz., "In the 
event that the top candidate is shown to be inappropriate, due to energy, 
environmental, or economic impacts, the rationale for this finding needs to be 
fully documented for the public record." (NSR Manual, pp. B. 26, B.29.) The 
reasons advanced by the applicant for selecting a lower limit are not justified. ~ 

First, the applicant argued that the lowest limit it found is based on lowest 
achievable emission rate ("LAER") criteria for a plant located in a nonattainment 
area in California. (Siting Application, p. B-1-11; Class I Application, p. F-10.) 
However, the top technology in the top-down BACT process is always LAER. 
(NSR Manual, pp. B.5, B.6.) LAER therefore must be included and evaluated in a 
top-down BACT analysis. Here, LAER clearly establishes BACT, because the 
same technology, SCR, can achieve NOx limits in the range of 1.0 to 2.5 ppm. 
SCR is cost effective over this entire range. 

Second, the applicant concluded that 1 pprn was not BACT because it was 
based on SCONOx and then rejected SCONOx based on cost. The applicant 
argues that the 0.5 ppm NOx improvement allegedly achievable only by 
SCONOx, is very small compared to the overall increase in capital cost of 
SCONOx compared to SCR. (Siting Application, p. B-1-11; Class I Application, 
pp. F-9/10.) However, under the top-down process, this is not a valid reason to 
reject an emission limit. An emission limit can only be rejected for economic 
reasons if the cost is not in the range of normal costs for that alternative. (NSR 
Manual, sIV.D.2.) The cost-effectiveness that the applicant estimated for 
SCONOx, $6,806 per ton (id., Table B-1.3),2 is routinely considered to be cost- 

- 

2 This cost was revised upwards to $8,788/ton in the Class I Application. (Class I Application, 
Table F.3.) This is excessive, based on independent analyses done by other parties. SCONOx 
costs about $6,938/ ton to reduce NOx from 25 ppm to 2 ppm on a GE Frame 7 machine. See 
ONSITE SYCOM Energy Corporation, Cost Analysis of NOx Control Alternatives for Stationaw 
Gas Turbines, Report Prepared for U.S. Department of Energy, October 15,1999. 
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effective within Region 9 and consistent with costs borne by other applicants for 
similar projects in California. 

Third, the applicant failed to evaluate whether 1 pprn NOx (or other limits 
lower than 2.5 ppm) could be achieved by another technology other than 
SCONOx. BACT is an emission liritit, not a technology. Thus, a limit cannot be 
rejected simply because the technology that first achieved it is not cost effective 
when that limit can be achieved with another technology. The 2.5 ppm limit 
proposed by the applicant was originally demonstrated by SCONOx and many 
plants have been permitted at 2.5 ppm, but using SCR. SCR vendors will quote 
and guarantee a NOx limit of 1 ppm. 

Finally, the applicant justifies its choice of 2.5 pprn because it is the 
"current permitted BACT for the majority of CTG/HRSG units with duct 
burners." (Siting Application, p: B-1-11; Class I Application, p. F-10.) BACT is 
the "maximum degree of reduction" that can be achieved, not the limit of the - 

majority. 

In addition to improperly excluding the highest limit, the applicant's 
BACT research, included in Exhibit B-1, Appendix B of the Siting Application 
and Appendix F2 of the Class I Application, is incomplete. The third step of the 
top-down BACT process requires that control technologies not eliminated in step 
2 to be ranked and listed in order of overall control effectiveness. In the case of 
control technologies that can achieve a wide range of performance levels, such as 
SCR, "the applicant should use the most recent regulatory decisions and 
performance data for identifying the emissions performance level(s) to be 
evaluated in all cases." (NSR Manual, p. B.23.) The applicant did not consider a 
large number of recent regulatory decisions in other states that include lower 
NOx limits for turbines than the 2.5 ppm proposed here. 

Table 1, attached herewith, updates and corrects the information collected 
by the applicant to include recent permitting decisions with lower NOx limits 
than proposed for this project. This table shows that the lowest NOx permit limit 
is 1.5 ppm averaged over 1 hour for the IDC Bellingham facility, based on a 
LAER determination in Massachusetts. This NOx limit has been achieved in 
practice using SCONOx at the Federal Facility in California and establishes 
BACT for t h s  project since LAER is the top technology in a top-down analysis. 
Further, Table 1 shows that numerous permits have been issued with BACT 
limits of 2.0 averaged over 1 hour. 

Table 1 demonstrates that NOx limits of 2.0 ppm averaged over 1 hour 
have been permitted in both nonattainment and attainment areas subject only to 
BACT (Sumas, Morro Bay). Region 9 recently commented that BACT for NOx 
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"should be set at 2.0 ppmvd on a l-hour rolling average" for the 600 M W  Morro 
Bay project in California, located in an attainment area. (Ex. 1: Rios 6/19/01.) 
The permits for these two plants, which are located in attainment areas, are 
included in Exhibits 2 and 3. The ANP Blackstone facility in Massachusetts is 
operating. (Ex. 4.) Unit 1 started up in June and Unit 2 in July of 2001. The units 
have been source tested. The CEMs data and source tests indicate that NOx 
levels are well below the permit limit of 2 ppm averaged over 1 hour.3 

Because BACT is the "maximum degree of reduction," the BACT analysis 
for this project must evaluate a NOx limit of no more than 1.5 ppm averaged 
over 1 hour, (The Nueva Azalea project, which proposed the 1 pprn limit 
reported by the applicant, has been suspended.) A 1.5 ppm limit can be achieved 
using SCR, which is proposed for this project. The cost effectiveness of SCR 
designed to reduce NOx to 1.5 ppm would be about the same as the cost- 
effectiveness for NOx at 2.5 ppm because the incremental increase in cost is 
small, compared to the increase in NOx reductions. Therefore, BACT for NOx 
for this project is 1.5 ppm averaged over 1 hour. 

1.C Ammonia Slip Limit Is Not BACT 

Unreacted ammonia is emitted from the SCR system. This unreacted 
ammonia is typically referred to as "ammonia slip." The Applications indicate 
that ammonia emissions would be limited to 10 ppm. (Siting Application, p. B-l- 
1 and Ex. B-1, Appx. H; Class I Application, p. F-6.) The supporting 
documentation indicates that the applicant arbitrarily set the ammonia slip limit 
at 10 ppm without performing a top-down analysis or providing any 
justification. The ammonia slip limit is part of the BACT determination for NOx 
and is normally evaluated as part of the NOx BACT analysis as a collateral 
impact, and/ or in a separate ammonia BACT analysis. The-applicant has done 
neither. The information presented below indicates that BACT for ammonia slip 
for this project is 2 ppm averaged over 1 hour and monitored by CEMs. 

The RACT/ BACT/LAER Clearinghouse ('IRBLC'I) lists ammonia slip 
BACT limits ranging from 3.5 ppm to 10 ppm. Lower slip levels have been 
permitted, guaranteed by vendors, and demonstrated in practice as 
demonstrated in the Morro Bay permit in Exhibit 3, and Massachusetts permits 
available at http:/ /www.state.ma.us/ dep/energy/sites.htm. Based on limits 
achieved in practice and permitted elsewhere, the ammonia BACT level for this 
project should be no higher than 2 ppm averaged over 1 hour. 

3 Personal communication, Gary Roscoe, MA DEP, 508-767-2773, October 9,2001. 
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Very low slips have been achieved in practice at a number of facilities. 
The 248-MW River Road Generating Facility in Vancouver, Washington, has 
consistently demonstrated ammonia slip levels of 0.01 ppm to 0.2 ppm over a 
three-year period, corresponding to guaranteed catalyst life. (Ex. 5.) The 
Crockett Cogeneration Facility in California has consistently achieved ammonia 
slip levels of less than 1 ppm. (Ex. 6.) The Hitachi letter in Exhibit 74 identifies a 
1400-MW LNG-fired plant consisting of four GE Frame 9 gas turbines that is 
currently operating at a NOx level of 3 ppmvd with a 3 ppmvd ammonia slip in 
Japan. The ANP Blackstone facility in Massachusetts is currently achieving a 
slip of less than 1 ppm with a NOx level of less than 2 ppm.5 demonstrated by a 
CEMs. (Ex. 4.) 

Massachusetts has established a 2 ppm ammonia slip BACT limit for new 
power plants. The Massachusetts Department of the Environmental Protection 
('IMDEPII) has established a "Zero Ammonia Technology'' BACT standard for gas 
turbines larger than 50 MW. See Exhibit 4. Five large projects in Massachusetts 
have been issued PSD permits specifying a NOx limit of 2 ppm achieved with a 2 
ppm ammonia slip, demonstrated using an ammonia CEMs and both averaged 
over 1 hour (Table 1). These permits require that they retrofit with zero 
ammonia technology at the end of five years if certain criteria are met. One of 
these permits is provided in Exhibit 4. The balance can be found at 
http://www.state.ma.us/dep/energy/sites.htm. The Mono Bay facility was 
recently permitted in California with a slip limit of 2 ppm. (Ex. 3.) 

1.D BACT For CO Emissions Not Required 

The Siting and Class I Applications indicate that CO would be controlled 
to 5 pprn during normal operations, using an oxidation catalyst. (Siting 
Application, pp. APP-2, B-1-14; Class I Application, Table 14.1 and p. F-14.) For 
the reasons set out below, this is not BACT for CO. 

The applicant's supporting documentation identified four facilities that 
have been permitted with lower limits, Newark Bay Cogeneration at 1.8 ppm, 
Wyandotte Energy at 3 ppm, Saranac Energy at 3 ppm, and Brooklyn Navy Yard 
at 4 ppm. (Siting Application, Ex. B-1, Appx. C; Class I Application, Appx. F3.) 
BACT is "an emissions limitation ... based on the maximum degree of reduction." 
40 CFR 52.21(b)(12). The top-down guidance in the NSR Manual sets out a very 
strict standard that must be met when the top limit is not picked, as here, vuiz., "In 

4 Letter from John Calvello, Hitachi America Ltd., to Phyllis Fox, Environmental Management, 
Re: Catalyst Information, August 13,1998. 

5 Personal communication, Gary Roscoe, MA DEP, 508-767-2773, October 9,2001. 
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the event that the top candidate is shown to be inappropriate, due to energy, 
environmental, or economic impacts, the rationale for t h s  finding needs to be 
fully documented for the public record." (NSR Manual, pp. B. 26, B.29.) The 
applicant attempts to justify the 5 ppm CO limit by advancing a number of 
arguments similar to those used for NOx that are technically incorrect. 

First, the applicant argued that the lowest limits that it found are based on 
lowest achievable emission rate ('ILAER'I) criteria for plants located in 
nonattainment areas in California. (Siting Application, p. B-1-14.) However, the 
top technology in the top-down process is LAER. (NSR Manual, pp. B.5, B.6.) 
LAER must be included and evaluated. Here, LAER clearly establishes BACT, 
because the same technology, SCR, can achieve lower CO limits in the range of 
1.0 to less than 5 ppm and is cost effective. Further, as discussed below, 18 
similar projects have been permitted in attainment areas with lower CO limits. 

I 

Second, the applicant suggests that only "more costly and unproven 
emerging technologies" such as SCONOx and XONON can meet a lower limit 
than 5 ppm. (Siting Application, p. B-1-14.) This is not true. Further, the 
applicant argues that "the sources that have been permitted with less than 6 ppm 
CO are very recently permitted facilities with little or no operational data for 
review to decide the applicability of "demonstrated in practice" for determining 
BACT." (Class I Application, p. F-14.) This is also not true. There is an 
abundance of source test and CEMs data that demonstrate that very low CO 
limits, much lower than the proposed 5 ppm limit, are both "demonstrated in 
practice" and "achieved in practice." 

~ 

For example, continuous emission monitor ('ICEMI') data for the River 
Road Generating Project in Vancouver, Washington demonstrate that an 
oxidation catalyst can routinely meet a CO limit of 1.2 ppm averaged over 1 
hour. This facility is a 248-MW natural gas fired, combined-cycle plant 
consisting of a GE 7231 FA gas turbine equipped with GE dry low-NOx 
combustors (DLN 111), an unfired HRSG, and a steam turbine. Control 
equipment includes an SCR system and an oxidation catalyst guaranteed by the 
vendor at 3 ppmvd at 15% 0 2  and permitted at 6.0 ppmvd at 15% 0 2  averaged 
over 1 hour. The unit operates at loads from 75% to loo%, and experiences 
frequent shutdowns and startups. 

The CEMs data for seven quarters from October 1998 through December 
20006 in Figure 1 indicate that the River Road Generating Station routinely 
achieves a CO limit of 1.2 ppm averaged over 1 hour. The maximum 1-hour 
average over this period of record is 1.13 pprn (Fig. 1) and 0.5 ppm averaged over 

The fourth quarter of 1999 is missing from the SWAPCA's files. I 
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3 hours (Fig. 2). Over this period, the facility operated 7,890 hours out of a 
possible 8,784 hours (2000 was a leap year). All exceedances of these limits were 
due to startups, shutdowns, operator error, or equipment malfunctions reported 
to the local regulatory agency. 

Third, the applicant failed to evaluate whether a lower CO limit than 5- 
ppm could be achieved by technology other than SCONOx, even though it 
admitted that lower limits had been permitted. (Siting Application, Table B-1.4; 
Class I Application, Table F.4.) As explained previously, BACT is an emission 
limit, not a technology. Thus, a limit cannot be rejected simply because the 
technology that initially achieved it is not cost effective if that limit can be 
achieved with another technology. Oxidation catalyst vendors will quote and 
guarantee 90% to 95% CO removal. This would correspond to a CO limit of 1.25 
to 2.5 ppm. The applicant is only proposing 80% CO removal, which is clearly 
not BACT. 

Fourth, the Class I Application concluded that the cost of SCONOx was 
excessive to control CO and therefore eliminated it from the analysis. (Class I 
Application, p. F-14.) However, the costs of SCONOx were overestimated. 
Further, the applicant failed to address the fact that SCONOx removes four 
classes of pollutants - NOx, CO, VOCs, and HAPS. The BACT cost-effectiveness 
analysis should evaluate costs relative to total pollutant removal, not relative to 
each pollutant individually. See ONSITE SYCOM Energy 10/15/99, cited in 
footnote 2. 

I 

I 

Finally, the applicant's BACT search is not complete. Many more facilities 
have been permitted (and source tested) with lower CO limits than those 
proposed for the La Paz Project. EPA Region 2 recently summarized several CO 
BACT limits that are between 2 ppm and 4 ppm and suggested a proposed plant 
in New York should either meet these limits or demonstrate why they could not 
be achieved. (Ex. 8: Riva 9/27/00.? 

EPA Region 9 recently concluded that "presumptive BACT for CO" in an 
- attainment region for the similar Morro Bay project (Ex. 3) is 2.0 ppmvd based on 

a 3-hour rolling average. (Ex. 1: Rios 6/19/01.) The local permitting authority 
concurred and issued a final permit with a CO limit of 2.0 ppm averaged over 3 
hours, in a CO attainment area. Other recent permit decisions summarized in 

7 Letter from Steven C. Riva, Chief, Permitting Section, EPA Region 2, to Robert L. Ewing, New 
York State Department of Environmental Conservation, Re: PSD Proposed Sithe Heritage station 
Generating Facility, Scriba, New York, September 27,2000. 
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Table 2 indicate that CO limits of 2 ppm to 4 ppm, achieved using an oxidation 
catalyst, are routinely permitted in CO attainment areas. 

1.E BACT For VOCs From Gas Turbines Not Required 

The project proposed aVOC BACT limit of 2.9 ppm in the Siting 
Application. (Siting Application, p. B-1-21.) This was increased to 3.11 in the 
Class I Application. (Class I Application, p. F-23.) This is higher than VOC 
concentrations routinely permitted and achieved in source tests elsewhere. As 
discussed above for both NOx and CO, although the applicant identified lower 
permitted VOC limits, it failed-to evaluate these lower levels in its BACT 
analysis. Further, the applicant failed to identify many lower limits contained in 
recent permits, which have been confirmed by source tests. 

A large number of combined cycle projects using large GE or 
Westinghouse Frame 7 turbines have been permitted recently in both 
Massachusetts and California at 1 to 2 ppmvd @ 15% 0 2 .  In California, these 
include the Sutter Project (2 Westinghouse 501F turbines),8 Otay Mesa (turbines 
not selected),g and Metcalf (2 Westinghouse 501F turbines).lO VOC permit limits 
for other California projects can be found on the California Energy Commission 
website at http:/ /www.energy.ca.gov in Final Determinations of Compliance or 
Commission Decisions for individual project. See, for exarnpZe, the following 
additional California projects: Delta Energy Center, Moss Landing Power Project 
(Duke), Elk Hills Power Project, Sunrise, La Paloma Generating Project, Blythe 
Energy Power Project, High Desert Power Project, Three Mountain Power 
Project, and Western Midway Sunset Power Project. In Massachusetts, these 
include the Island End Cogeneration Facility (one Westinghouse 501G),ll the 

8 See http://arbis.arb.ca.gov/bactdb/Search.exe, gas turbines > 23 MMBtu/hr heat input, Sutter 
Power Plant. VOC/HC BACT limit is 1 ppmvd 63 15% 0 2  on a calendar day average. 

9 San Diego Air Pollution Control District, Final Determination of Compliance, Otay Mesa 
Generating Stations, September 18,2000, Permit Engineer: Steve Moore (858-650-4598). Turbine 
not selected, but permit covers two ABB GT-24s, two GE Frame VAS, or two Westinghouse 501 
FDs. The VOC BACT permit limit is 2.0 ppmvd 63 15% 0 2  based on a l-hour rolling average. 

10 Bay Area Air Quality Management District, Final Determination of Compliance, Metcalf 
Energy Center, August 24,2000, Permit Engineer: Dennis Tang. The VOC permit limit is 0.00126 
Ib/MMBtu as CH4 or 2.7 Ib/hr, which is equivalent to 1.0 ppm. 

11 See www.state.ma.us/dep/energy/iend/permitstat.htm. The VOC permit Iimit is 2.0 pprn @ 
15% 0 2  and 0.003 Ib/MMBtu. 
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Mystic Station Redevelopment Project (2 MHI 501G),12 and the ANI? Blackstone 
Energy Project (two ABB GT-24s).13 

Source test results on similar large Frame 7 turbines indicate that much 
lower emission limits are acheved in practice. Table 3 summarizes 19 source 
tests on seven Frame 7 turbines producing greater than 160 M W  at five separate 
power plants in three states. These source tests demonstrate that turbines 
identical to those proposed for this project, routinely achieve VOC emission 
limits of less than 1 pprn @ 15% 0 2 .  

11. BACT NOT REQUIRED FOR AUXILIARY BOILER 

The project includes a 55.34 million Btu  per hour (''MMBtu/hr'') auxiliary 
boiler fired on natural gas. The proposed NOx and CO BACT limits are much 
higher than limits that have been permitted and achieved in practice. 

1I.A BACT For NOx From Auxiliary Boiler Not Required 

The applicant proposed a NOx limit of 0.1 lbs/MMBtu for the auxiliary 
boiler in the Siting Application, which corresponds to a NOx concentration of 82 
ppmvd @ 3% 0 2 .  (Siting Application, p. B-1-24.) This was lowered to 0.036 
lb/MMBtu in the Class I Application. Tlus limit would be achieved using a 
conventional low NOx burner with about 10% flue gas recirculation. (Class I 
Application, Table 14.1 and Appx. B-3,5/16/01 Forney letter.) This is a very 
high limit for a boiler and does not represent BACT. The applicant failed to 
explain why lower limits that it reviewed do not establish BACT, failed to 
identify all relevant BACT determinations, and incorrectly concluded that SCR is 
not feasible. - 

II.A.l Lower NOx Limits Have Been Permitted and Demonstrated 

Lower NOx limits than 0.036 lb/MMBtu (about 30 pprn @ 3% 0 2 )  have 
been established and published in BACT Clearinghouses maintained by the 
California Air Resources Board ("CARB") and the South Coast Air Quality 
Management District ("SCAQMD"). The NSR Manual specifically recommenGs 

- that the SCAQMD database, as well as other sources, be consulted in making 

12 See www.state.ma.us/dep/energy/mystic/stmys.htm. The VOC permit limit is 1.0 ppmvd @ 
15% 0 2  and 0.0013 Ib/MMBtu unfired and 1.7 ppmvd @ 15% 0 2  and 0.0022 Ib/MMBtu with duct 

13 See www.state.ma.us/dep/energy/black/stbl.htm. The VOC permit limits is 1.4 ppm @ 15% 
0 2  and 0.0018 lb/MMBtu at 75% to 100% load and 2.5 pprn @ 15% 0 2  and 0.0032 Ib/MMBtu at 
50% load. 
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c 

BACT determinations. (NSR Manual, p. B. l l . )  Boiler determinations from 
CARB's database in Exhibit 9 and the SCAQMD's database in Exhibit 10 show 
that the applicant's list of BACT determinations is not complete. Some of the 
lower BACT determinations from these additional sources are discussed below. 

The applicant proposes a NOx limit of 30 ppm at 3% 0 2 *  achieved with 
low-NOx burners and 10% flue gas recirculation. Low-NOx burners are capable 
of meeting much lower limits, from 9 to 30 ppm, as demonstrated by the Coen 
application list and case histories in Exhibit 11. Recent advances in burner 
technology allow low-NOx burners to meet 9 ppm NOx. 

Ultra low-NOx burners have also been installed and successfully used on 
many boilers, as demonstrated by the Radian/Todd installation list in Exhibit 12. 
These burners can achieve NOx limits of 7 ppm to 9 ppm, as demonstrated by 
the source test data included in Exhibits 13 and 14 (Appx. A). 

Three 40,000 lb/hr Foster-Wheeler auxiliary boilers at the Crockett 
Cogeneration Facility in California were permitted at 8.2 ppm NOx @ 3% 0 2  in 
1996, achieved using SCR with a 20 ppm ammonia slip. The June 1997 source 
test measured 5.47 ppm NOx and 4.92 pprn NH3 from Boiler B and the June 1998 
source test measured 5.39 ppm NOx and 5.84 pprn NH3 from Boiler C, all 
reported at 3% 0 2 .  (Ex. 15.) 

A 31.5-MMBtu/hr Scotch Marine fire tube boiler was permitted by the 
SCAQMD in December 1999 at 7 ppm NOx @ 3% 0 2 ,  achieved using low-NOx 
burners and SCR with a 5 ppm NH3 slip. A second similar 21-MMBtu/hr 
Cleaver Brooks fire tube boiler was permitted by the SCAQMD in August 2000 at 
7 ppm NOx @ 3% 0 2  averaged over 15-minutes, achieved using SCR with a 5 
ppm NH3 slip averaged over 15-minutes. (Ex. 10.) Source tests for a similarly 
equipped lOO-MMBtu/hr boiler at Darling Delaware in Los Angeles achieved 
NOx emissions of 6-7 ppm. (Ex. 14, Appx. A.) 

- 

A 56-MMBtu/hr auxiliary boiler at a cogeneration facility in the Equilon 
Refinery, Martinez, California was permitted by the BAAQMD in December 1993 
at 5 ppm NOx @ 3% 0 2 ,  achieved using SCR. The unit has been successfully 
source test. (Ex. 14, Appx. A.) 

A 20-MMBtu/hr Unilux dual-fuel boiler at the Federal Prison in 
Victorville, CA was permitted by the Mojave Desert Air Quality Management 
District in October 2000 at 5 pprn NOx @ 3% 0 2 ,  achieved using SCR. The upit 
has been successfully source tested and the limit confirmed by CEMs data. (Ex. 
16.) 
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Based on the foregoing, much lower NOx limits than established for La 
Paz as BACT have been routinely guaranteed by vendors, permitted, and 
demonstrated in source tests and with CEMs data. Although all of these 
permitting decisions were made in nonattainment areas, LAER is the top 
technology in the top-down BACT process. Thus, the presumptive BACT level 
for the auxiliary boiler is a NOx limit of 5 pprn @ 3% 0 2 ,  achieved using SCR 
with a 5 ppm NH3 slip. The BACT analysis should be revised to consider these 
limits. 

I.A.2 SCR Is Technically Feasible 

The applicant claims that SCR is technically infeasible because the boiler 
exhaust gas temperature of 350 F is outside of the temperature range of 700 F to 
900 F required for SCR. (Class I Application, p. F-25.) Ths  is incorrect. A wide 
range of SCR catalyst formulations are available that can be matched to exhaust 
temperature, as demonstrated by the large number of SCR systems that are being 
successfully used on similar low-temperature boilers. Information for one low 
temperature SCR system, offered by CRI Catalyst, a division of Royal Dutch 
Shell, is included in Exhbit 17. CRI Catalyst supplied the low-temperature SCR 
systems currently in use on the Crockett Cogeneration auxiliary boiler (Ex. 15) 
and the Federal Prison boiler (Ex. 16.) 

1I.B BACT For CO From Auxiliary Boiler Not Required 

The applicant proposed a CO limit of 0.06 lb/MMBtu in the Siting 
Application. (Siting Application, p. B-1-25.) This was increased to 0.14 
lb/MMBtu in the Class I Application. (Class I Application, p. F-27.) This 
corresponds to a CO concentration of about 150 pprn CO at 3% 0 2 .  The applicant 
argued that an oxidation catalyst could not be used to achieve a lower limit 
because the exhaust temperature is too low. Oxidation catalysts have been 
installed on hundreds of utility and other boilers, as demonstrated by the 
experience list of one vendor. (Ex. 18.) 

The applicant identified two BACT limits that are lower than proposed, 
0.02 and 0.05 lb/MMBtu. (Class I Application, Appx. F7.) My review of the 
RBLC indicates that there are three other boilers that have been permitted with 
lower CO limits, ranging from 0.015 to 0.05 lb/MMBtu. The applicant provides 
no justdication for not proposing the lowest reported limits on this project, 
consistent with the definition of BACT and federal guidance. 

Much lower limits than 0.14 lb/MMBtu have been achieved using low- 
NOx burners (Exs. 9, lo), ultra-low NOx burners (Ex. 13), and oxidation catalysts 
(Exs. 15,18), which have been installed on hundreds of utility and other boilers 
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and are thus presumptive BACT unless specifically demonstrated to be infeasible 
in this case. The record contains no such demonstration. 

Three 40,000 lb/hr Foster-Wheeler auxiliary boilers at the Crockett 
Cogeneration Facility in California were permitted at 11 ppm CO @ 3% 0 2  in 
1996, achieved using an oxidation catalyst. The June 1997 source test measured 
3.24 ppm @ 3% 0 2  from Boiler B and the June 1998 source test measured 6.02 
pprn @ 3% 0 2  from Boiler C. (Ex. 15.) These boilers establish BACT for the 
auxiliary boiler for this project. 

111. MINOR SOURCES 

The project includes two 1,000 kW generators and a 254-bhp emergency 
firewater pump that will be fired on diesel. The Siting and Class I Applications 
do not contain a BACT analysis for these sources, instead arguing that any 
controls would not be cost effective and that, at any rate, that the analysis would 
be identical to that for turbines and heat recovery steam generators. (Siting 
Application, p. B-1-28; Class I Application, p. F-29.) These claims are incorrect. 

1II.A BACT Not Required For Minor Sources 

Similar engines permitted in Massachusetts, Nevada, and California have 
included oxidation catalysts to control CO and VOCs, SCR to control NOx, and 
particulate traps to control PMlO (Table 4). 

There are hundreds of diesel generators in operation around the world 
that are controlled by SCR systems designed to remove 80% to over 95% of the 
NOx. Most of the oper-ating units are in Europe and Japan, although there are 
also many installations in the United States. These systems are offered by a 
number of vendors including Steuler (Ex. 25), Miratech (Ex. 26), Johnson Matthey 
(Ex. 27), and Engelhard (Ex. 28), among others. Descriptions of the products 
offered by these vendors and installation lists are included in the cited exhibits, 
where available, The HUG vendor list in Exhibit 26 indicates that lower limits 
than those that have been permitted in the U.S. (Table 4) have been permitted 
and achieved in practice on engines currently operating in Europe. Steuler, 
Miratech, and-Engelhard indicate that they will guarantee NOx reductions of 
99+ % on emergency diesel engines, which would yield an emission limit of 
<0.069 g/bhp-hr on a new, 6.9 g/bhp-hr certified diesel engine. 

- 

The HUG list in Exhibit 26 ("Reference list January 2001 Stationary 
Combustion Engines") separately indicates whether an SCR, oxidation catalyst 
(IIOXIII), or particulate filter ("filter") is installed. Many engines include either 
two or all three of these post-combustion controls. Further, most vendors of SCR 
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systems for IC engines include a layer of oxidation catalyst to simultaneously 
control CO emissions. See, for example, the literature describing the Miratech 
SCR system (Ex. 26) and the Engelhard SCR system (Ex. 28). Thus, both NOx 
and CQ can be controlled by using an SCR system formulated with an oxidizing 
layer. 

Therefore, these controls are considered cost-effective unless site- and 
source-specific factors are documented that make this facility unique. (NSR 
Manual, § 4.D.2.) Further, this facility will likely require a federal PSD permit 
from Region 9, which requires a BACT analysis for minor sources. 

Best available control technology applies to the entire stationary source 
(40CFR 52.21(b)(12)), which is defined to include "all of the pollutant-emitting 
activities which belong to the same industrial grouping, are located on one or 
more contiguous or adjacent properties, and are under the control of the same 
person." 40 CFR 52.21(b)(5) and (6). 

Therefore, a BACT analysis should have been performed for each of the 
minor sources. Very low limits have been permitted for NQx, CO, and PMlO for 
similar sources, as demonstrated by Table 4. The emission limits in this table 
establish the top technology for a top-down BACT analysis. 

1II.B Fuel Sulfur Content Of 0.05% Not BACT For Diesel Engines 

Diesel fuel containing 0.05% sulfur (500 ppm) and good combustion 
practices are proposed as BACT for SO2 for the diesel engines without 
performing a BACT analysis. (Siting Application, p. B-1-28.) However, lower 
sulfur diesel is available and cost effective and should have been evaluated and 
adopted as BACT. 

The average sulfur content of Arizona diesel is 268 ppm. (ADEQ 
11/9/00,14 p. 10.) Lower sulfur fuels, as low as 15 ppm, have been required 
elsewhere, where available. The BACT guidelines for fuel sulfur for diesel 
generators in some areas of California (e.g., the SJVUAPCD) require the use of 
e15 ppmw diesel, when available. The California Energy Commission ('ICEC'I) 
has required the use of ultra low sulfur fuel where available, including in the 
recently decided cases of Three Mountain Power15 and Huntington Beach 

14 Arizona Department of Environmental Quality (ADEQ), Off-Road Mobile Controls 
Subcommittee, Final Report, Revised November 9,2000. 

15 California Energy Commission, Commission Decision, Three Mountain Power Plant Project, 
May 2001, Condition AQ-26, p. 142. 
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(exclusive use of 15 ppm S fuel).l6 Similarly, New York is currently adopting 
regulations that will require the use of ultra low sulfur fuel for diesel 
generators.l7 

Ultra low sulfur fuels are currently available in the South Coast and could 
be imported to the site for a premium of about 10 to 15 cents per gallon. Further, 
the EPA has adopted stringent fuel regulations that limit the sulfur content of 
diesel fuel to 15 ppmw. These regulations go into effect in June 2006, at which 
point ultra low sulfur diesel will be widely available in Arizona. 

Therefore, the applicant should perform a BACT analysis for fuel sulfur 
(as a surrogate for SO2 emissions), and as part of this analysis investigate the 
current availability of ultra low sulfur diesel. The applicant should agree to use 
.e 30 ppm sulfur diesel, when available, but no later than June 2006. 

EMISSIONS 

IV. SULFURIC ACID MIST EMISSIONS NOT CONSIDERED 

The combustion of fuels containing sulfur in gas turbines converts the fuel 
sulfur into a mixture of gaseous sulfur dioxide (S02) and sulfur trioxide (so3). 
The so3 combines with water to form sulfuric acid mist ("SAM) or H2S04. The 
so3 and/or SAM is captured as sulfate on filters (front half) or in aqueous 
impingers (back half) of the standard PMlO test (Method 201/202), and thus 
contributes to PM10. The PSD signrficance threshold for sulfuric acid mist is 7 
tons/year. The La Paz Project exceeds this threshold, and thus triggers PSD 
review and a BACT analysis for SAM. - 

Neither the Siting nor the Class I Permit Applications determined whether 
the project would comply with prevention of sigruficant deterioration ("PSD") 
regulations for SAM emissions from the turbines or other sources.18 The percent 
conversion of fuel sulfur to SAM in gas turbines based on 13 source tests is 
summarized in Table 5.19 This table shows that the conversion rate ranges from 

~ 

16 California Energy Commission, Commission Decision, Huntington Beach Generating Station 
Retool Project, May 2001, Condition AQ-C2, p. 30. 

17 New York State Department of Environmental Conservation, DEC to Regulate Emissions from 
Distributed Generation, May 3,2001 www.dec.state.ny.us/ website/press/pressrel/2001-69.html. 

18 The Class I Application did include SAM in its analysis of Arizona AAAQGs. (Class I 
Application, Table 3.7.) 

19 Some of these source test results were provided under terms of confidentiality. If the District 
wishes to review copies, we can arrangefor a formal request to the appropriate entities. 
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3.4% to 100% and averages 54%. The project would emit 78 ton/yr of S02.20 
(Siting Application, Table B-1.13.) This amounts to 100% of the sulfur present in 
the fuel, or 39 ton/yr of sulfur. Assuming an average 54% conversion, the 
potential to emit SAM would be 64.5 tons/year.21 We note that the applicant 
assumed 70% conversion of SO2 to SAM in its analysis of AAAQGs. (Class I 
Application, Table 3.7, last note.) Thus, the PSD sigruficance threshold of 7 
ton/yr is exceeded by a large amount. However, neither of the applications I 
reviewed contain any analysis of the project's compliance with PSD regulations 
for SAM. A BACT analysis, for example, must be conducted and BACT 
imposed. SAM emissions can be controlled by using a lower sulfur natural gas 
or by installing a fuel gas scrubber to remove sulfur before it is combusted in the 
turbines and other sources. 

V. HAZARDOUS AIR POLLUTANTS 

The applicant substantially underestimated emissions of hazardous air 
pollutants ("HAPS") for this project. This is evident for two reasons. First, the- 
applicant inappropriately use SCONOx emission factors for the compounds 
emitted in the largest amounts. Second, it did not consider the substantial 
increase in HAPs that occurs during startups and shutdowns due to degradation 
in turbine performance. As described below, when the proper emission factors 
are used and/ or startup emissions are included, project emissions exceed federal 
maximum achievable control technology (IIMACT") standards. 

V.A HAP Emission Estimates 

Emissions are calculated by multiplying the heat rate by an emission 
factor, which expresses the amount of pollutant emitted per unit of fuel 
combusted, e.g., in pounds per million BTUs ("lb/MMBTU"). These emissions 
are then used below to evaluate compliance with federal and state HAPs 
regulations. 

The applicant estimated emissions using U.S. EPA emission factors from 
AP-42 and the California Air Resources Board (I'CARBII) CATEF database. 
(Siting Application, p. B-1-32.) The supporting emission spreadsheets in the 
Siting Application, Exhibit B-1, Appendix H, indicate two fatal flaws, discussed 
below. 

20 The Class I Application reduces annual emissions to 76.4 ton/yr. (Class I Application, Table 
3.2.) 

21 The potential to emit SAM assuming 54% conversion to H2S03 = [(0.54)(78 ton/yr)(98 ton 
H2S04/64 ton S02, = 64.5 ton HZSOe/yr. This would drop to 63.2 ton/yr for the revised SO2 
emissions in the Class I Application. 
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V.A.l SCONOx Emission Factors 

The HAPs that are emitted in the largest amounts from gas turbines are 
formaldehyde and acetaldehyde. The applicant used an emission factor based on 
SCONOx to estimate emissions of these two compounds. (Siting Application, 
Appx. H, Table 2, HAP Emission Factors; Class I Application, Appx. B-5, Table 2, 
note a.) However, the applicant is proposing an oxidation catalyst to control 
VOCs, not SCONOx. The SCONOx source test indicates that SCONOx removes 
97% of the formaldehyde and 94% of the acetaldehyde. (Siting Application, Ex. 
H, 8/19/99 EPA Memo.) 

The oxidation catalyst vendor's data, on the other hand, indicates that an 
oxidation catalyst only removes 77% of the formaldehyde. (Ex. 29: Heck and 
Farrauto 1995,z Table 11.1 .) Further, formaldehyde conversion, as quoted by the 
major vendor, is typically 2% to 3% less than the guaranteed CO conversion rate. 
(Ex. 30.) According to the Siting Application, the oxidation catalyst would be 
designed for a maximum of 80% CO removal. (Siting Application, Appx. H, 
B&V Emission Summary.) Therefore, it would remove, at most 77% -of the 
formaldehyde. 

Thus, assuming only 77% control of formaldehyde, the emissions of 
formaldehyde from the turbines/HRSG would increase from 0.75 ton/ yr 
reported by the applicant (Siting Application, Appx. H, Table 3, Annual HAP 
Emissions) to 5.5 ton/yr.B Ignoring the minor contribution of formaldehyde 
from the duct burners, this would increase total HAP emissions from 21.7 ton/yr 
reported in the Siting Application24 to 26.4 ton/yr.E As discussed below, ths  
exceeds the MACT threshold of 25 ton/yr for total HAPs and requires that a- 
MACT analysis be performed and that additional controls be required. 

* Ronald M. Heck and Robert J. Farrauto, Catalvtic Air Pollution Control, Commercial 
Technolom, _ -  Engelhard Corporation, Research & Development, Van Nostrand Reinhold, 1995. 

23 Revised formaldehyde emissions = (7.1~104 lb/MMBtu)(1-0.77)(1910.9 MMBtu/hr per 
turbine)(4 turbines)(8760 hr/yr)/2000 lb/ton = 5.47 ton/yr. The uncontrolled formaldehyde 
emission factor is from AP-42, Table 3.1-3. The control efficiency, 77%, is from Heck and 
Farrauto, 1995 (Ex. 29), and Engelhard budgetary quotes in Exhibit 30. The firing rate, 1,910.9 
MMBtu/hr per turbine, is from the Class I Permit Application, Table 5.2. 

24 The HAP emissions were revised to 21.1 ton/yr in the Class I Application. (Class I Application, 
Table 3.8.) 

25 Adjusted total HAP emissions = 21.7 - 0.75 + 5.5 = 26.45 ton/yr. 

~ 
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V.A.2. Startup - And Shutdown Emissions 

The emission factors used by the applicant do not consider the dramatic 
increase in emissions during startups. The HAP emission estimates were 
calculated using emission factors that assume full load operation. However, it is 
well documented that turbine performance, in terms of combustion efficiency, 
degrades as load decreases. Turbines are designed to run efficiently at full load 
where fuel combustion is nearly 100% efficient. At lower loads, and during 
startup, turbines are extremely inefficient,26 which results in incomplete 
combustion.27 

The applicant is proposing 50 cold starts lasting 284 minutes each; 50 
warm starts lasting 185 minutes each, and 50 hot starts lasting 116 minutes each 
for each turbine. Therefore, the plant will experience startup conditions for 487.5 
hr/yr or about 6% of the run time, assuming an annual two-week maintenance 
outage. The plant will also experience an equivalent number of shutdowns. The 
shutdowns are not considered here because they are of much shorter duration 
and emission increases are lower. 

Reduced turbine efficiency increases the emission of products of 
incomplete combustion, such as carbon monoxide ("CO"), aldehydes, and 
hydrocarbons. (Ex. 31: GRI/EPRI, 1996;2* FAA, 1995z9). The former study was 
sponsored by industry -- the Gas Research Institute (''GRI'') and the Electric 
Power Research Institute ("EPRI"). The study characterized HAP emissions from 
a variety of gas-fired power generation units as a function of load. The Federal 
Aviation Administration (''FAA'') database consists of aircraft engine (both 
turbine and piston engine) vendor performance test data that is collected as part 
of the FAA engine certification process. 

These two studies summarize source test data for power generation and 
industrial gas turbines and aircraft turbines under a variety of load conditions. 
The data from the GRI/EPRI study are plotted in Figures 3 through 6 to illustrate 

26 R. H. Kehlhofer, J. Warner, H. Nielsen, and R. Bachmann, Combined-Cvcle Gas Steam Turbine 
Power Plants, 2nd Ed., PennWell, Tulsa, OK, 1999, Chapter 8: Operating and Part Load Behavior. 

27 A. H. Lefebvre, Gas Turbine Combustion, 2nd Ed., Taylor & Francis, Philadelphia, PA, 1998, Sec. 
94 ,  Mechanisms of Pollutant Formation. 

28 Gas Research Institute (t'GRI") and Electric Power Research Institute ('IEPRI''), 1996. Gas-Fired 
Boiler and Turbine Air Toxics Summary Report. Prepared by Carnot Technical Services for GRI 
and EPRI, August 1996. 

29 Federal Aviation Administration ("FAAt'), FAA Aircraft Engine Emission User Guide and 
Database, FAA Office of Environment and Energy. 
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how turbine emissions increase as load decreases as a result of poor combustion. 
All of these turbines were gas fired. Figure 3 plots the data for CO, Figure 4 plots 
the data for hydrocarbons, Figure 5 plots the data for formaldehyde, and Figure 6 
plots the data for benzene. Figure 7 presents CO and hydrocarbon data for two 
GE aircraft turbines that were fired on jet fuel (similar to diesel). While aircraft 
turbines are-smaller, are configured differently than electric generating turbines, 
and use different fuel, the emission profiles as a function of load are remarkably 
similar to the GRI/EPRI study emission profiles for electric generating turbines, 
confirming the relationship between load and emissions for turbines. This 
relationship has also been noted by the U.S. EPA in its work to establish MACT 
standards for the gas turbine source category. (EPA 4/14/9fL30) 

All of these figures express emission factors as a percentage of the 
minimum load, i.e., as the ratio of the emission factor at 25% load to the emission 
factor at 100% load, expressed as a percent. Typically, startup is assumed to take 
place between 0% to 50% load. Therefore, the minimum load in these figures is 
assumed to be 25%. For example, in Figure 3 the CO emission factor for the GE 
Frame 7 turbine at 100% load is only about 0.1% of the emission factor at 25% 
load. Based on the fuel input rates at these load levels, which decrease 
proportionately with load, CO emissions at 25% load would be 318 times those at 
full load. Similarly, formaldehyde emissions at 25% load are 503 times higher 
than at 100% load. 

The magnitude of emission increases with load reduction varies by 
pollutant, but is remarkably similar regardless of turbine type, following the 
same type of power relationship of the form y = axn, where y is the emission 
factor and x is percent load. The net result is that emissions of carbon monoxide, 
hydrocarbons, and the toxic byproducts that form as a result of incomplete 
hydrocarbon combustion, increase dramatically as load decreases. 

I used uncontrolled EPA emission factors and adjusted them to include an 
oxidation catalyst and startup emissions. Startup emissions were estimated by 
adjusting the uncontrolled EPA emission factors using the GRI/EPRI data for the 
150-MW GE Frame 7 turbine, the most similar turbine to the 200-MW 
Westinghouse 501F turbines proposed for La Paz. The GRI/EPRI study shows 
that the emission factor for this turbine for formaldehyde increases by a factor of 
503, benzene by a factor of 8, toluene by a factor of 10, and other organics by a 
factor of 1.4 at 30% load compared to 100% load. (Ex. 31.) These ratios, shown in 

- 

30 U.S. EPA, Rationale for Development of MACT Floor for Existing Combustion Turbines, April 
14,1998. 
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the second column of Table 6, are multiplied by the 100% load turbine emission 
factors to estimate startup emission factors. 

These calculations assume that the turbines would be at 30% load 
throughout the startup period to simplify calculations. The actual startup 
profiles are somewhat different and would result in higher emissions than 
assumed here. Westinghouse startup curves included in Exhibit 32, for example, 
indicate that during a cold startup, the gas turbine would be held at 8% or lower 
load for the first 28 minutes, whde during a warm startup, the turbine would be 
at 25% load or lower for 62% of the time. 

The applicant used controlled HAP emission factors when available and 
otherwise ignored the presence of an oxidation catalyst. Startup emissions 
would be sigruficantly overestimated if the control afforded by the oxidation 
catalyst during startup were not considered. Therefore, I uniformly adjusted 
uncontrolled EPA emission factors to account for the presence of an oxidation 
catalyst. 

Generally, an oxidation catalyst designed to control CO, as here, would be 
less efficient in controlling HAPs, which are volatile organic compounds 
("VOCs"). This is demonstrated by the Engelhard performance curves, which 
plot catalyst temperature versus conversion efficiency in percent. The VOC 
curve in Exhibit 33 shows that for temperatures ranging from 600 F to 700 F, 
typical of most oxidation catalysts installed in HRSGs, the VOC removal 
efficiency would be roughly half the removal efficiency of CO. Here, the 
oxidation catalyst would be designed to remove 80% of the CO. Therefore, I 
conservatively assumed that the oxidation catalyst would also remove 80% of 
each organic compound. The data in Exhibits 29 and 33 indicate that this is a 
substantial overestimate of the likely removal efficiency for individual HAPs. 
This assumed efficiency should be assured by designing and warranting the 
catalyst to meet these specifications and confirmed in a series of source tests over 
the life of the catalyst. 

The oxidation catalyst does not start operating until it reaches a minimum 
temperature, typically around 500 F and does not reach its guaranteed efficiency 
until gas temperatures reach the design point. The catalyst is warmed up during 
startup by the hot turbine exhaust gases. During cold starts, when the plant has 
been down at least 72 hours, the catalyst starts out at near ambient and is 
gradually brought up to temperature by hot turbine exhaust gases flowing across 
its surface. Performance curves for cold starts of Frame 7 turbines indicate that it 
takes about 20 minutes for the turbine exhaust gases to reach 500 F. During hot 
starts, the catalyst starts out warm and is more quickly brought up to operating 
temperature. The actual length of time it would take the catalyst to reach 
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operating temperature would depend on how long the plant is down. However, 
vendors indicate that the catalyst typically reaches operating temperature in as 
little as 5 minutes during normal hot starts. Therefore, the revised calculations 
assume that the first 20 minutes of each cold start, 10 minutes of each warm start, 
and 5 minutes of each hot start are uncontrolled. The catalyst is conservatively 
assumed to remove 80% of all HAPs for the balance of the startup period. 

The revised HAP emissions are summarized in Table 7 for a single 
turbine. These calculations show that 87% of the HAP emissions occur during 
startups and only 13 % during full load operation. Of the total, 21 % of the HAP 
emissions is uncontrolled and emitted before the catalyst reaches operating 
temperature. Formaldehyde is emitted in the largest amount, comprising 83% of 
the total emissions. 

V.B Maximum Achievable Control Technology (MACT) 

Section 112 of the Clean Air Act (42 U.S.C. § 7412) requires that any major 
stationary source that emits or has the potential to emit 10 tons per year or more 
of any single hazardous air pollutant ("HAP"), or 25 tons or more per year of any 
combination of hazardous air pollutants, utilize the maximum achievable control 
technology ("MACT") to control the emissions. (42 U.S.C. 7412(d).) The Siting 
Application suggests that emissions of all Section 112(b) HAPs would be less 
than 10 ton/yr for any single HAP and 25 ton/yr for any combination of HAPs. 

The revised emissions in Table 7 demonstrate that this is incorrect. 
Formaldehyde emissions alone are 13.5 tonlyr per turbine or 54 ton/yr for the 
four turbines. Of this amount, 92% occurs during startup. The total HAP 
emissions are 16.3 ton/yr from each turbine or 65.2 ton/ yr from both turbines. 
Therefore, the HAP emissions exceed both the 10 ton/yr single HAP MACT 
standard and the 25 ton/yr combined HAP MACT standard. This requires that a 
MACT analysis be prepared and additional controls imposed to limit HAP 
emissions below the standards. 

There are currently no source category MACT standards for combustion 
turbines. However, EPA published an Interpretive Rule on May 25,2000,31 
clarifying that case-by-case MACT analyses under 40 CFR 63, Subpart B, are 
required for major stationary source combustion turbines such as this project. 
Further, AAC R18-2-302(D) states that "[ilf MACT has not been established by 
the Administrator, such determination shall be made on a case-by-case basis 

31 National Emission Standards for Hazardous Air Pollutants for Source Categories, Federal 
Register, v. 65, no. 102, May 25,2000. 
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pursuant to 40 CFR 63.40 through 63.44, as incorporated by reference in R18-2- 
1101(B)." Therefore, a case-by-case MACT analysis is required. 

Several methods can be used to further control HAP emissions. The 
efficiency of the oxidation catalyst could be increased from the proposed 80% to 
95%. The proposed auxiliary boiler would be used to keep the HRSG hot during 
shutdowns. (Siting Application, p. B-1-23.) The firing rate of this boiler could be 
increased so that it could be used to preheat the oxidation catalyst to its optimum 
operating temperature prior to lightoff. The number of startups could be 
reduced. 
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TESTIMONY OF CAMILLE SEARS 

I have reviewed: (a) Application for a Certificate of Environmental Compatibility for the La 
Paz Generating Facility, submitted to the Arizona Power Plant and Transmission Line Siting 
Committee (July 3,2001; and (b) Application for a Class I Pennit for the La Paz Generating 
Facility, including appendices, submitted to the Arizona Department of Environmental Quality 
(October 2,2001). The following is my testimony relating to the information provided therein. 

Organics 
1,3-Butadiene 
Acetaldehyde 
Acrolein 
Benzene 
Ethylbenzene 
Formaldehyde 
Hexane 
Naphthalene 
PAH 
Propylene Oxide 
Toluene 
Xyisnes 

I. Hazardous Air Pollutant Impacts Are Signifcant 

The Siting Application incorrectly &ports that Hazardous Air Pollutant (“HAI”’) emissions 
will not result in significant offsite impacts. (Siting Application, p. B-1-58.) When the HAP 
emissions are corrected, it is clear that the proposed project toxic emissions will exceed Arizona 
Ambient Air Quality Guideline ( “ M Q G ” )  concentrations. 

The project HA.P emissions have been reviewed and corrected by Dr. Phyllis Fox.’ The 
HAP emissions were revised to incorporate appropriate emission factors and to account for the large 
increase in HAPS associated with startup activities and the subsequent reduction in turbine 
perfbrmaxice. Dr. Fox’s emission recalculation focused on 12 organic compounds, which are a 
subset of the total list of H A P S  for whch there are established AAAQGs. Dr. Fox’s recalculated 
organic compound emissions are presented in the following table. In this table, her emission rates 
have been converted to units of grams per second for input to a dispersion modeling analysis. This 
modeling will be used to verify compliance with the M Q G s  for the listed HAPS. The emissions 
listed are for one combustion turbine generator. 

- 

r- Pollutant 
L 

Cold Starts 
gramisec 

2.02 E-05 
6.81 E-01 
1.08E+00 
3.02 E-03 
1 SI E-03 
1.20E+01 
1.20E-02 
5.99E-05 
2.26E-04 
5.21 E-03 
4.29E-02 
3.02E-03 

One-Hour Emissions 
Warm Starts Hot Starts 

gramlsec 

1.45E-05 
4.86 E-0 I 
7.71 E-01 
2.16E-03 
1.08E-03 
8.58 E+OO 
8 S6E-03 
4.28E-05 
7.52E-05 
9.64E-04 
3.07E-02 
2.16E-03 

‘J. Phyllis Fox, Siting Application Comment V.A. 

gramisec 

I. 16E-05 
3.89 E-01 
6.1 6E-01 
I .73 E-03 
8.63E-04 
6.86 E+OO 
6.85E-03 
3.42E-05 
3.01 E-04 
7.71 E-04 
2.45E-02 
I .73E-03 

1 

100% Load 
gramisec 

2.07E-05 
1.94E-03 
3.06 E-03 
5.68E-04 
1.54E-03 
3.41 E-02 
1.22E-02 
6.12E-05 
5.37E-04 
1.38E-03 
6.26E-03 
3.08E-03 

hnual Modeling 

Emissions 

gramkec 

2.01 E-05 
2.20 E-02 
3.48E-02 
6.26E-04 
1.50E-03 
3.87E-01 
1.19E-02 
5.95E-05 

1.36E-03 

3.00E-03 

5.17E-04 

7.18E-03 



The annual modeling emissions are simply the sum of the hourly emissions over the course 
of an 8,760-hour year, including full-load hours and all startups, divided by 8,760 hours. Ths 
annual-average emission rate is used as input to the modeling analysis to verify compliance with the 
annual-average AAAQGs. 

One-hour emission rates for the startup and 100% load scenarios were also calculated. 
These emissions are used in the modeling for verifying compliance with the one-hour and 24-hour 
AAAQGs. One-hour emission rates from the startup scenarios must include components from both 
controlled and uncontrolled operations. For cold starts, the hourly emission rate was calculated 
based on 20 uncontrolled minutes and 40 controlled minutes; for warm starts, the hourly emission 
rate is based on no controls for the first 10 Ininutes, and controls for the last 50 minutes; for hot 
starts, five minutes are controlled, and 55 minutes are uncontrolled. The 100% load emissions are 
full-load emission rates fox the remaining hours when startups are not projected to occur. These 
emission scenarios are presented in Dr. Fox's comments on the Siting Application. 

To estimate air quality impacts for venfylng compliance with the AAAQGs, we remodeled 
these HAP emissions using the same methodology presented in the Siting Application Air Quality 
Studies and Resaurces analyses. (Siting Application, Exhibit B-1) We used the ISCST3 dispersion 
model (v. 00101, downloaded from the EPA S C M  website and complied with Lahey Fortran 95) 
with the applicant's source and receptor coordinates, meteorological data, and building downwash 
parameters. In essence, we used the exact modeling inputs as the Siting Application air quality 
impact analysis, except we corrected the HAP emission rates that were underestimated by the 
Applicant. Our modeling results are presented in the following tables, with values exceeding the 
pertinent M Q G  in bold. 

It is important to note that the combustion turbine generator (LCTG") stack parameters - 

(height and diameter, stack gas temperature, and exit velocity) we used in our modeling were 
obtained from modeling files included in the Siting Application. (Siting Application, Exhibit B-1 , 
Appendix P) These modeling files only contained stack parameters for hll-load turbine operations. 
We used these stack parameters, as values for startup conditions were not available from the Siting 
Application. Startup conditions wih result in lower exit velocities and temperatures, resulting in 
lower plume rise than we modeled. Thm, our estimates of one-hour and 24-hour impacts resulting 
from startup operations are underestimated. 

LA. The One-Hour M O G s  for Acrolein and Formaldehyde are Exceeded 

The peak one-hour HAP impacts are presented in the following table. These impacts are 
f?om one turbine only (CTG ##4), as it was assumed that startups would be sequential and not 
overlapping. l k s  likely underestimates impacts, unless the Applicant has pennit conditions placed 
so as to prohibit simultaneous startups. When the appropriate HAP emissions are included in the 
Siting analysis, one-hour acrolein and formaldehyde concentrations easily exceed the AAAQGs and 
are thus a significant impact. 
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We identified a peak one-hour acrolein concentration of 207 pg/m3, which is over 32 times 
the significance threshold identified in the Siting Application. Actual acrolein concentrations could 
be up to a factor often higher because the method used to measure acrolein in the source tests that 
were relied on to develop the acrolein emission factor are known to underestimate concentrations.* 
The peak one-hour formaldehyde concentration is about 2300 @m3, which is 92 times the one- 
hour AAAQG for that pollutant. The peak one-hour impact occurs at the receptor with UTM zone 
12 coordinates 281412,3715113. 

Pollutant 

Organics 
1,3-Butadiene 
Acetaldehyde 
Acrolein 
Benzene 
Ethylbenzene 
Formaldehyde 
Hexane 
Naphthalene 
PAH 
Propylene Oxide 
Toluene 

ylenes 

Many other locations also exceed the one-hour AAAQGs, including a residence location 
described by the Siting Application as being about 1.75 miles north of the proposed project. (Siting 
Application, p. A-3) The Siting Application does not give any other details on this location, so we 
modeled a point 1.75 miles due north of CTG stack #3 (UTM zone 12 coordinates 281432, 
3717829). At this receptor, the one-hour formaldehyde concentration is 27 pg/m3, which slightly 

- 

exceeds the one-hour AAAQG of 25 pg/m3. 

One-Hour Impacts (Vglrn 
Narm Starts Hot Starts Cold Starts 

3.88E-03 
1.31 E+02 
2.07E+02 
5.80E-0 I 
2.90E-01 
2.30E+03 
2.30 E+OO 
1.15E-02 
4.33E-02 

8.24E+00 
9.99E-01 

5.79E-01 

2.77E-03 
9.33€+0 1 
1.48E+02 
4.14E-01 

1.65E+03 
1.64E+00 
8.2 I E-03 

1.85E-01 
5.89E+00 

2.07E-0 I 

1.44E-02 

4.14E-01 

2.22E-03 
7.47E+01 
1 .I 8E+02 
3.31 E41 
I .66E-01 
I .32E+03 
1.31 E+OO 
6.57E-03 
5.77 E-02 

4.71 E+OO 
1.48E-01 

3.31 E-01 

100% Load 

3.96 E-03 
3.71 E 4 1  
5.88E-01 
1.09E-01 
2.96E-01 
6.55E+00 
2.35E+00 

-1.17E-02 
1.03E-01 
2.64E-0 1 
1.20E+00 
5.91 E-01 

1 -Hr 
AAAQG 
(lJgdm3) 

5.00E+00 
6.30E+02 
6.30€+00 
1.70E+02 
4.50E+03 
2.50E+01 
5.40E+03 
6.30E+02 

3.70€+02 

5.40€+03 

- 

4.40€+03 

I.B. The 24-Hour AAAQGs for Acrolein and Formaldehyde are Exceeded 

The peak 24-hour HAP impacts are presented in the following table. These impacts are 
from one turbine only (CTG #4), as it was assumed that startups would be sequential and not 
overlapping. We calculated the 24-hour impacts by dividing the peak one-hour impacts by 24. This 
underestimates impacts as it assumes that no emissions occur for the other 23 hours of the day. This 

' R.R Freeman, (Air Toxics Ltd, 916-985-1000), The Analysis of Acrolein Using CARI3 Method 430: What Works and 
What Doesn't Work, A&WMA Proceedings, 1993. 
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methodology was necessary as the Siting Apphation has no information on worst-case 24-hour 
emission scenarios, as are required for verifyrng compliance with the 24-hour M Q G s .  

9.25E-05 
3.1 1 E+OO 
4.93E+00 
1.38E-02 
6.9OE-03 
5.49E+01 
5.48E-02 
2.74E-04 
2.40E-03 
6.17E-03 
1.96E-01 
1.38E-02 

Nevertheless, when the appropriate HAP emissions are included in the Siting analysis, 24- 
hour acrolein and formaldehyde concentrations still exceed the AAAQGs and are thus a significant 
impact. We identified a peak 24-hour acrolein concentration of 8.62 pg/m3, which is over four 
times the significance threshold identified in the Siting Application. The peak %-hour 
formaldehyde concentration is about 96 pg/m3, which is six times the 24-hour AAAQG for that 
pollutant. The peak 24-hour impact occurs at the receptor with UTM zone 12 coordinates 281412, 
37 15 1 13. Many other locations also exceed the 24-hour AAAQGs. 

1.65E-04 
1.55E-02 
2.45E-02 
4.54E-03 
I .23E-02 
2.73E-01 
9.78E-02 
4.89E-04 
4.29E-03 
1.1 OE-02 
5.00E-02 
2.46E-02 

2 ~ i o u r  Imp; .IS (yg/m3) 
Cold Starts I Warm Starts 

Organics. 
1,343utadiene 
Acetaldehyde 
Acrolein 
Benzene 
Eth yibenzene 
Formaldehyde 
Hexane 
Naphthalene 
PAH 
Propylene Oxide 
Toluene 
?genes 

I Pollutant I I 

1.62E-04 
5.44E+00 
8.62E+00 
2.42 E-02 
1.2 1 E-02 
9.60E+01 
9.58E-02 
4.79E-04 
1.80E-03 
4.1 6 E-02 
3.43E-01 
2.41 E-02 

1.16E-04 
3.89E+00 
6.1 6E+00 
1.73E-02 
8.62E-03 
6.86€+01 
6.84E-02 
3.42E-04 
6.01 E 4 4  
7.71 E-03 
2.45E-0 1 
1.72E-02 

24-Hr 
AAAQG 
(us/m3) 

1.30E+00 
1.70E+02 
2.00E+00 
4.40E+OI 
3.50E+03 
1.60E+Ol 
1.40E+03 
4.00E+02 
I 

9.80E+01 
3.00E+03 
3.50 E+03 

I.C. The Annual-Average AAAQG for Formaldehvde is Exceeded 

The peak annual-average HAP impacts are presented in the following table. These impacts 
are from all four combustion turbine emissions combined. When the appropriate H A P  emissions 
are included in the Siting analysis, annual-average formaldehyde concentrations easily exceed the 
AAAQG and are thus a significant impact. The peak annual-average formaldehyde concentration is 
about 0.82 pg/m3, which is over 10 times the annual-average AAAQG for that pollutant. The peak 
annual-average impact occurs at the receptor WithUTM zone 12 coordinates 281322.7,3715113. 
Many other locations also exceed the annual-average formaldehyde AAAQG. It should be noted 
that there is no annual-average AAAQG for acrolein. (Siting Application, p. b-1.60) 
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Pollutant 

Organics 
1,3-8utadiene 
Acetaldehyde 
Acrolein 
Benzene 
Ethylbenzene 
Formaldehyde 
Hexane 
Naphthalene 
PAH 
Propylene Oxide 
Toluene 
Xylenes 

Impacts 

( Y ! m 3 )  

- 4.28E-05 
4.68 E 4 2  
7.41 E-02 
1 -33E-03 

8.25E-01 
3.19E-03 

2.54 E-02 
1.27E-04 
1.1 OE-03 
2.90E-03 
1.53E-02 
6.39E-03 

AAAQG 
(iJs/m3 

3.60E-03 
4.50E-01 

I 

1.20E-01 
- 

7.60E-02 
I 

-- 
e 

2.70E-01 - 
I 

II. Construction Air Quality Impacts are Significant 

The Siting Application established a number of sigmiicance criteria for air quality impacts. 
(Siting Application, p. B-1 S9. )  However, the Siting Application did not evaluate whether 
construction emissions would comply with any of them. In fact, the Sitlng Application sidestepped 
construction activities entirely, thus requiring our analysis to use previously estimated emissions 
fi-om a surrogate project. We estimated air quality impacts for construction emissions, using 
construction emission inventories and schedules for the La Paloma Generating Project3 This 
underestimates impacts as the proposed La Paz Generating Facility is much larger than the La 
Paloma Project, and will have correspondingly greater construction activities and emissions. 

The Siting Application's significance criteria include exceedances of the ambieat air quality 
standards ("AAQS") and the Prevention of Sigmficant Deterioration ("PSD") increments. (Siting 
Application, p. B-1.59.) As demonstrated below, air quality impacts fiom construction are 
significant. 

Exhaust emissions fiom general construction activities would cause exceedances of the 24- 
hour PM10, l-hour and 8-hour CO, and 3-hour and 24-hour SO;! ambient air quality standards. 
These emissions would also cause exceedances of the 24-hour PMlO and 3-hour and %-hour SO2 
Class II PSD increments. Fugitive dust emissions fi-om earthmoving activities would cause 
exceedances of 24-ho~r PMlO ambient air quality standard and the 24-hour Class II PSD PMlO 
increment. 

Woodward-Clyde Consultants, Amlication for Certification. La Paloma Genemikg Proiecf Submitted to California 3 

Energy Commission, July 1998. Copy available upon request. 
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These are signiscant impacts that were not addressed in the Siting Application. The Siting 
Application should be modified to discuss these impacts and additional mitigation included in the 
project to reduce construction emissions. 

EA. Construction Exhaust Emissions 

Construction exhaust impacts are often estimated using guidance developed by the Santa 
Barbara County Air Pollution Control District. This guidance recommends that construction 
exhaust emissions be modeled as volume sources with a vertical dimension of no more than 10 
meters due to the uncertainties in construction equipment location and v-ariable plume rise within a 
given hour. Further, the exhaust fiom construction equipment is vented through horizontal or 
gooseneck stacks, parallel to the ground. Thus, there is no momentum plume rise. The dimensions - 

of the volume sources are chosen to contain the horizontal .extent of construction activity and the 
vertical component of the source emissions. (SBCMCD l0/87?) 

The Siting Application does not contain construction emissions or a construction equipment 
inventory and schedule, which are required to calculate emissions. Therefore, we used construction 
emission estimates for a similar project, the La Paloma Generating Project. (Woodward Clyde 
Consultants, July 1998) La Paloma was built on a 23-acre site, compared to 40 acres for La Paz 
without the pond, which adds an additional 60 acres and the 500 kV switchyard that adds 20 acres. 
(Siting Application, pp. APP-2, A-3/4.) La Paloma does not have any ponds. La Paloma includes a 
13.6 to 14.2 miles long transmission line, a 4.3-mile raw water canal, and 1.5 miles of water 
pipeline, compared with a 5.5-mile natural gas pipeline and 1.75-mile 500 kV transmission line for 
La Paz. (Id., pp. APP-6, A-4.) Thus, construction emissions fkom La Paz would be substantially 
greater than from La Paloma. 

Therefore, we modeled the La Paloma construction emissio& with a 142-meter by 142- - 

meter (5 acres) square volume sowce, which is area where construction emissions would most 
likely occur in a given day. The vertical extent of the volume source was assumed to be 10 meters, 
which is sufficient to contain the plume rise fiom the construction emissions, as recommended by 
the Santa Barbara guidance and based on observations at construction sites. (SBCAPCD 10/87, p. 
6-20.) The following construction combustion emissions were modeled: PMlO - 64 l b h ,  NOx - 
918 l b h ,  CO - 512 l b h ,  and SOX - 60 lb/hr, assuming that construction occurs 10 hours per day, 5 
days per week. (Woodward Clyde Consultants, July 1998) 

We assessed the ambient air quality impacts from combustion exhaust emissions using 
ISCST3 (v. 00101) with one year of on-site meteorological data collected by the applicant. The 
5-acre volume source was centered at CTG Stack #3, (UTM Zone 12 coordinates 281432, 
3715013). The emissions fiom this volume source were modeled as being released 10 hours per 
day, from 7:OO a.m. through 5:OO p.m. The results of our analysis are as follows: 

Santa Barbara County Air Pollution Control District, Authontv to Construct Permit Processing Manual, Air Quality, 4 

Impact Analysis (Inert Modeling), October 10, 1987. 
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Pollutant 
co 
co 
so2 
so2 

PMlO 

PSDClass 
II increment 

(Cldm3) 

-- 
512 
91 
30 

Averaging 
' Period 

Easting Northing 
Coordinate Coordinate 

(m) (m) 
281501 3715113 
281412 3715113 
281412 37151 13 
281323 37151 13 
281412 3715113 

1 -hr 
8-hr 
3-hr 

24-hr 

24-ht 
2nd high 

Modeled 
Concentration 

45225 
16772 
3085 
739 
653 

(Clg/m3> 

NAAQS 

40000 
10000 
1300 
365 
150 

(Clg/m3> 

I 

These results indicate that the following significance criteria would be exceeded during 
construction by significant amounts: 1-hour and 8-hour CO, 3-hour and 24-hour SOz, and 24-hr 
PMlO ambient air quality standards as well as the 24-hour PMlO and the 3-hour and 24-hour SO2 
Class II PSD increments. These are significant air quality impacts for CO, SOz, and PMlO that 
were not addressed in the Siting Application and which should be mitigated. 

II.B. Construction Fugitive Dust Emissions 

We also assessed the 24-hour PMlO impacts from fugitive dust generated during 
construction activities. The modeling methodology we used is identical to the construction exhaust 
modeling described above, except that we used an area source instead of a volume source. The area 
source height was 3.0 meters and the source location was offset to provide the southwest comer 
coordinates as required by ISCST3. Fugitive dust PMlO emissions af25.5 lb/hr were modeled. 

Construction fugitive dust emissions were estimated based on a Midwest Research Institute 
("MRI") study conducted in 1996 to improve EPA emission factors used to estimate PMlO 
emissions from construction activity. This study developed emission factors for seven typical 
construction projects in desert areas similar to the project site in Las Vegas, Coachella Valley, 
South Coast, and the San Joaquin Valley.' Each site was visited, equipment inventoried, and 
limited monitoring conducted. 

The results of the MRI study indicate that the hourly-uncontrolled PMlO emissions average 
229 l b h  and range up to 712 l b h  (5.1 lb/acre-hr) for a site with heavy earthmoving using scrapers. 
(MRI 1996, Table ES-1, Table 2.) Thus, for the 5-acre area source, the uncontrolled PMlO 
emissions would be 25.5 l b h  (5.1 lb/acre-hx x 5 acres). We used an uncontrolled emission factor 
because the Siting Application does not require any mitigation for dust control. 

The results of our fugitive PMlO modeling are as follows: 

Midwest Research Institute (MRI), Improvement of SDecifc Emission Factors (BACM Proiect No. 11, Find Report, 
March 29, 1996. Copy available upon request 
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Modeled 
Averaging Concentration NAAQS 

Pollutant Period W m 3 >  hLg/m3> 
PMlO 2nd high 402 150 

24-hr 

This table shows that the 24-hour PMlO standard would be exceeded by over a factor of two 
and the 24-hour PMlO Class II PSD increment (30 pg/m3) by over a factor of 13 during 
uncontrolled earthmoving activities. Although Allegheny claims it will use water to control fugitive 
dust on roads, disturbed sites and stockpiles, use covered trucks, and revegetate when possible, this 
is not explicitly required. (Allegheny Response to AzuRfi Data Request 8.) Regardless, the 
proposed measures would only reduce about 50% of the fugitive PMlO emissions. The controlled 
emissions would still result in e x c e h c e s  of the NAAQS and Class II PSD Increment. This is a 
significant air quality impact that was not identified or discussed in the Siting Application, 

PSDCksi  Easting Northing 
II Increment Coordinate Coordinate 

(Clg/m3) (m> (m) 
30 281412 3715113 

The %-hour PM10 impacts f?om fughve dust will actually occur simultaneously with the 
construction PMlO exhaust emissions described above and thus are approximately additive. We 
chose not to add these two impacts together, as the exact combination is currently unknown and 
may occur in different locations. As a result, our model results may significantly underestimate 
construction PMlO impacts. 
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Performed more than 300 health risk assessments of major air toxics sources in California. These 
assessments were prepared for AB 2588 (the Air Toxics "Hot Spots" Information and Assessment 
Act of 1987), Proposition 65, and other exposure analysis activities. More than 90 of these exposure 
assessments were prepared for Proposition 65 compliance verification. The ISCST, ISCST2, 
ISCST3, ISC2ACE, and ISC3ACE dispersion models and the ACE2588, ACE2, and ACE3 exposure 
assessment programs were primarily used in preparing these analyses. 

Reviewed approximately 300 health risk assessments of toxic air pollution sources in California. 
Review programs include AB 2588, Proposition 65, the California Environmental Quality Act, and 
other exposure analysis activities. Clients include the California Attorney General's Office, the Los 
Angeles County District Attorney's Office, the Santa Barbara County h Pollution Control District 
(SBAPCD), the South Coast Air Quality Management District, numerous environments-and 
community groups, and several plaintiff law iirms. 

Experienced in assessing public health risk from continuous, intermittent, and accidental releases of 
t0.x.k emissions. Experienced in assessing individual and population exposure fiom inhalation and 
noninhalation pathways. Experienced in generating graphical presentations of risk results, and 
communicating risks fiom carcinogenic and acute and chronic nonc&cinogenic pollutants. 

Air Toxics Program Coordinator for the SBAPCD. Duties included: developing and managing the 
District air toxics program; supervising District s ta f f  assigned to the air toxics program; developing 
District air toxics rules, regulations, policies and procedures; management of all District air toxics 
efforts, including AB 2588, Proposition 65, and federal activities; developing and tracking the 
SBAPCD air toxics budget. 

Manager of the SBAPCD AB 2588 program. Activities included: worldng member of the AB 2588 
Criteria and Guidelines Regulation, Technical Guidance, Fee Regulation, and California Air Pollution 
Control Officer's Association (CAPCOA) Risk Prioritization, Risk Assessment, and Risk Notitication 
committees; supervision and guidance to staf f  responsible for implementing the requirements for AB 
2588 industry-wide inventories, emission inventory plans and reports, fee collection, source-testing, 
risk prioritization, risk assessment, and risk notiticatioq overall responsibility for coordinating 
industry and agency efforts and ensuring that the program proceeds on schedule. 

While at the SBAPCD, designed the ACE2588 model - the first public domain multi-source, multi- 
pathway, multi-pollutant risk assessment model. Developed the structure of the ACE2588 input and 
output files, supervised the coding of the model, tested the model for quality assurance, and provided 
technical support to over 200 users of the model. Responsible for updating the model each year and 
ensuring that it is consistent with CAPCOA Risk Assessment Guidelines. 
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ACE2588 Risk Assessment Model Support for CAPCOA. Tasks include: updating the ACE2588 
risk assessment model Fortran code to increase user efficiency and to maintain consistency with the 
CAPCOA Risk kssessment Guidelines; modifyrng the Fortran code to the EPA ISCST2 and 
COMPLEX4 models to interface with ACE2588; writing utility programs to assist ACE2588 users; 
updating toxicity data files to maintain consistency with the CAPCOA Risk Assessment Guidelines; 
developing the distribution and installatiow package for ACE2588 and associated programs; 
providing technical support for all users of ACE2588 (through phone and f a ) .  

Developed and coded the ISC2ACE and ACE2 programs for distn'bution by CAPCOA. These 
programs are widely used in California for preparing A B  2588 and other program health risk 
assessments. ISC2ACE and ACE2 contain "compression" algorithms to reduce the hard drive and 
RAM requirements compared to ISCST2ACE2588. Developed ISC3AWACE3 to incorporate the 
revised ISCST3 dispersion model requirements. 

Experienced with Proposition 65 and AB 2588 requirements for toxic air pollutants. Informed on the 
toxicity of the pollutants in these programs, including carcinogenic and acute and chronic 
noncarcinogenic health effects. 

While at the SBAPCD, developed and coded the "HotSpot" system - a series of Forhan programs to 
expedite the review of air toxics emissions data, to prepare air quality modeling and risk assessment 
inputs, and to prepare graphical risk presentations. 

Customized ACE2588 and Developed a Mapping System for the SBAPCD. Tasks include: 
modifyrng the ACE2588 Fortran code to run on an Intel 1-860 RISC workstatioq updating programs 
that allow SBAPCD staff to continue to use the "HotSpot" system - a series of programs that 
streamline preparing AB 2588 risk assessments; developing a risk assessment mapping system based 
on MapInfo for Windows; linking the MapXnfo mapping package to the "HotSpot" system and 
associated staf f  training. 

Developed software for electronic submittal of all AB 2588 reporting requirements for the Santa 
Barbara County Air Pollution Control District. As an update to the "HotSpot" system softwilTe, 
created software that allows facilities to submit all AB 2588 reporting data, including that needed for 
risk prioritization, exposure assessment, and presentation mapping. The data submitted by the hcility 
is then reformatted to both ATDTF and ATE@ formats for lransmil3a.l to the California Air 
Resources Board. 

Prepared "Modeling Exposures of Hazardous Materials Released During Transportation Incidents" 
report for the California Office of Environmental Health Hazard Assessment (OEHHA). This report 
examines and rates the ADAbl, ALOHA, ARCHE, CASKA.i.i, DEGADIS, HGSYSTEAM, SLAB, 
and TSCREEN models for transportation accident consequence analyses of a- priority list of 50 
chemicals chosen by OEHHA. The report includes a model selection guide for adequacy of assessing 
prioriiy chemicals, averaging time capabilities, isopleth generating capabilities, model b t a t ions  and 
concerns, and model advantages. 

Developed methods to estimate and verify source emission rates using air toxics measurements 
collected downwind of the emitting facility, local meteorological data, and dispersion models. - 

Experienced in developing emission inventories of toxic air poLlutants. Developed procedures and 
programs for quantifying emissions from many air toxics sources, including: landfills, diesel exhaust 
sources, natural gas combustion, fugitive hydrocarbons from oil and gas facilities, dry cleaners, auto 
body shops, ethylene oxide sterilizers, etc. 
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Major contributor to the SBAPCD ethylene oxide control rule. Developed drafts of the d e  
and specified many requirements of the final rule; coordinated with the California Air Resources 
Board in the development of the state-wide ethylene oxide control rule; performed risk assessments 
for several sources of ethylene oxide in Santa Barbara County. 

While at the SBAPCD, provided technical support (as an expert witness on ethylene oxide risks) to 
the California Department of Justice, Attorney General's Office. venfylng 
emission inventories and release data, ISCST modeling, risk assessment review, and several 
depositions. 

0 

Support included 

0 Developed and coded Fortran programs for AB 2588 risk prioritization; both batch and interactive 
versions of the program were created. These programs are used by several air pollution control 
districts in California. 

0 Instructed approximately 20 University Professors through the National Science Foundation Faculty 
Enhancement Program. Instrudon topics included: dqersion modeling, meteorological data, 
environmental fate analysis, toxicology of air pollutanis, and air toxics risk assessment; professors 
were also trained on the use of the ISCUCE dispersion model and the ACE2 exposure assessment 
model. 

Instructor of the Air Pollution and Toxic Chemicals course for the University of California, Santa 
Barbara, Extension certificate program in Hazardous Materials Management. Topics covered in this 
course include: detailed review of criteria and nonaiteria air pollutants; air toxics legislation and 
regulations; quan-g toxic air contaminant emissions; criteria and noncriteria pollutant 
monitoring; air quality modeling; health risk assessment procedures; health risk management; 
ControYmitigating air pollutants; characteristics and modeling of spills and other short-term releases 
of air pohtants; acid deposition, precipitation and-fog; indoor/occupational air pollution; the effect 
of chlorofluorocarbons on the stratospheric ozone layer. Taught this course for five years. 

Experienced in communicating risks for Proposition 65 and AB 2588. Presented risk assessment 
results in many public settings - to industry, media, and the affected public. 

Developed SBAPCD Policies and Procedures on carcinogenic and noncarcinogenic risk management 
levels. 

0 

GEOGRAPHIC INFORMATION SYSTEMS AND PRESENTATION MAPPMG 

0 

0 

ArcView GIs: Experienced in preparing presentation and testimony maps using ArcView v. 3.2. 
Developed methods to convert AutoCAD DXF files to ArcView polygon theme shape files for use in 
map overlays. 

MapInfo for Windows: Prepared numerous presentation maps including exposure isopleths, streets 
and highways, sensitive receptors, labels, and titles. Developed procedures for importing Surfer 
isopleths in AutoCAD DXF format as a layer into MapInfo. 

Atlas GIs for Windows and DOS: Experienced in preparing presentation maps with both the 
Windows and DOS versions of Atlas GIs. In addition to the MapInfo capabdities, Atlas GIs is used 
to aggregate census data (at the block group level) within exposure isopleths to determine the number 
of individuals living and working within exposure zones. Experienced in geocoding large numbers of 
addresses and performing statistical analyses of exposed populations. 

Experienced in preparing large-scale graphical displays. Own a Hewlett-Packard 350C Design Jet 
plotter that produces color plots up to Architectural-E size (36" by 48"). These plots have been used 
in trial testimony, public meetings, and other litigation support. 
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L~IGATXON AND ENVIRONMENTS SUPPORT 

Proposition 65 Litigation Support. Tasks include: reviewing AB 2588 risk assessments and other 
documents to assist venfylng compliance with Proposition 65; preparing exposure assessments 
consisteint with Proposition 65 Regulations for carcinogens and reproductive toxicants; using a 
geographic information system (Atlas GIs) to prepare exposure maps that display areas of required 
warnings; calculating the number of residents .and workers exposed to levels of risk requiring 
warnings (using the GIs); preparing declarations, providing s t a f f  support, and other expert services as 
required. 

Proposition 65 Litigation Support Clients: California Attorney General's Office, Los Angeles County 
District Attorney's Office, As You Sow, California Community Health Advocates, Center for 
Environmental Health, California Earth Corps, C o d t i e s  for a Better Environment, 
Environmental Defense Fund, Environmental Law Foundation, and People United for a Better 
Oakland. Reviewed scores of assessments for v-g compliance with Proposition 65; prepared 
over 90 exposure assessments for Proposition 65 analyses. 

Private-Sector Environmental Review and Plaintiff Litigation Support. Activities focus on providing 
support to law firms representing private interest air pollution projects; representation has included 
reviewing and commenting on environmental compliance documents, preparing revised exposure 
assessments, and providing expert services in support of litigation. Primary clients include: Adams, 
Broadwell Joseph & Cardozo, Girardi & Keese, and Engstrom, Lipscomb & Lack 

Experienced in preparing declarations and providing expert testimony in depositions and trials. 

Prepared numerous exposure assessmenh of methyl bromide and chloropicrin emissions m 
California Prepared audits of regulatory buffer zones designed to protect public health using 
meteorological data from Anaheim, Pic0 Rivera, El Eo ,  Santa Maria, Fresno, and Union City. 

GENERAL REGULATORY 

0 Project manager for the Santa Barbara County Air Quality Attainment Plan Environmental Impact 
Report (EX). Duties included preparing initial study; preparation and release of the EIR Notice of 
Preparation; conducting public scoping hearings to obtain comments on the initial study; managing 
contractor efforts to prepare the draft EIR. 

Experienced with air pollution law, including EPA, California Air Resources Board (ARB), 
California Energy Commission (CEC), California Coastal Commission, and local air pollution control 
district regulations and procedures. Also experienced with California Environmental Quality Act and 
National Enviromnental Policy Act requirements. 

As a supervising engineer for the SBAPCD, managed the air quality permitting process for major 
offkhore and onshore energy development projects. Duties included: directing and supervising 
SBAPCD atmospheric scientists, engineers and contractors; preparing notices of preparation for joint 
federalhate EIS/Rs; preparing request for proposals for contractor support; selecting contractor(s); 
providing technical support during preparation of permit-decision documents; reviewing air quality 
documents, emission calculations and modeling results; interfacing with applicants and other 
responsible agencies; developing permit conditions; developing and implementing appropriate 
mitigation actions to satisfy permit condition requirements; providing expert testimony to Smta 
Barbara County Planning Commission and Board of Supervisors; making s t a f f  recommendations 
concerning permit issuance. 

Provided air quality support services to CEC s t a f f  in the review of Application8 for Certification for 
major power plants proposed to be sited in California. Prepared staff assessments of the air quality 
impacts from the proposed projects. 
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IMPACT MODELING 

As senior air quality modeler, developed the SBAPCD protocol on air quality modeling. Developed 
extensive modeling capabilities for the SBAPCD on VAX 8600 and Intel 1-860 computer systems; 
acted aS systems analyst for the SBAPCD air quality modeling system; served as director of air 
suality analyses for numerous major energy projects; performed air quality impact analyses using 
inert and photochemical models, including EPA, ARB and private-sector models; performed 
technical review and evaluating air quality and wind field models; developed software to prepare 
model inputs consistent with the SBAPCD protocol on air quality modeling for OCD, OCDCPM, 
MPTER, COMPLEX-IA and ISCST. 

Skilled in computer operation and progamming, with an emphasis on Fortran 90 and Realizer-Basic 
for Windows programming. - 

Experienced in downloading EPA dispersion models, modifyrng them for system-specific input and 
output, and compiling the code for personal use and distribution. Own and am experienced in using 
the following Fortran compilers: Lahey Fortran 95, Lahey Fortran 90 DOS-Extended; Lahey F77L- 
EM32 DOS-Extended; Microsof? Power Station 32-bit DOS-Extended; and Microsoft 16-bit. 

Provided detailed review and comments on the development of the Minerals Management Service 
OCD model. Developed the technical requiremen@ for and supervised the development of the 
OCDCPM model, a hybrid of the OCD, COMPLEX-I and MPTER models. 

Provided technical support to the Joint Interagency Modeling Study and South Central Coast 
Cooperative Aerometric Monitoring Program. Provided technical comments on analyses performed 
with the EKMA, AIRSHED, and PARIS models. Developed emissions inventory for input into 
regional air quality planning models. 

k~ QUALXTYMETEOROLOGXCAL MONITORING 

e Developed technical requirements for the Santa Barbara County Air QuaIityMeteorological 
Monitoring Protocol. Developed and implemented protocol for siting of pre- and post-construction 
air quality and meteorological PSD monitoring systems. Determined requirements, designed and 
sited over 30 PSD monitoring systems. Responsible for data acquisition and quality assurance for an 
offshore meteorological monitoring station. 

- 

Coordinated with consultants performing air monitoring for venfylng compliance with Proposition 65 
and other regulatory programs. Wrote sofbvare to convert raw meteorological data to 
hourly-averaged values formatted for dispersion modeling input 

OTHER TECHNICAL 

e Configured and operated an Intel 1-860 based workstation for the SBAPCD toxics program. Created 
batch files and recoded programs to m-risk assessments in the @-bit 1-860 environment. 

e Developed emission reduction strategies and identifed appropriate offset sources to mitigate project 
emissions liability. Developed and impIemented procedures to account for reactivity of organic 
compound species for ozone impact mitigation. 

Responsible for tracer study design, review and evaluation. Performed engineering evaluations for 
oil and gas production facilities. 
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AFTILIATITIONS 

0 American Meteorologicai Society (former president, Ventura/Santa Barbara County Chapter). 

PUBLICATIONS 

0 Correlations of Total, Diffirse, and Direct Solar Radiation with the Percentage of Possible Sunshine 
for Davis, California Solar Energy 27(4): 357-60,1981. 

0 Contriiutions to over 100 Envir0-d Impact StatemenWReports and other technical documents 
required for regulatory decision-making. 

0 Prepared fmo software review columns for the Journal of the Air and Waste Management 
Association. - 

EMPLOYMENT HISTORY 

SeE-Employed Air Quality Consultant 1992 to 2001 

0 Santa Barbara County APCD 
Air Toxics Program Coordinator 

URsConsultants 
Senior Scientist 

0 Santa Barbara County APCD 
AX Quality Engineer 

Dames and Moore 
Meteorologist 

i 

1988 to 1992 

1987 to 1988 

1983 to 1987 
-- .. 

1982 to 1983 
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I, Camille Sesrs, declare as follows: 

1, I prepared the attached analysis of environmei%tal impacts of 

the proposed La Paz Generating F8,cilie in ?A Paz County, Arizona, based 

on m y  iadependmt review and m y  professional q e r i e a c e  and 

knowledge. 

2. Kt is my professional opinion *at the analysis is valid and 

accurate with respect to the issue(s) addressed th-. 

3. I am persondy familiar with the kts and conclusions 

related in the analysis,.and if called as a witness auld test@ 

competently &ereto. 

4. A copy of my professional qtraliflcations and experience is 

attached hereto and incorporated by refmce herein. 

I declare under penalw of perjury that the foregoing is true and 

correct to the best ~ of my knowledge. 
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TESTIMONY OF STEVEN RADIS 

I have reviewed the following materials submitted by Allegheny Energy Supply, LLC 
(“applicant’’): (a) Application for a Certificate of Environmental Compatibility for the La Paz 
Generating Facility, submitted to the Arizona Power Plant and Transmission Line Siting 
Committee (July 3,2001; and (b) Application for a Class I Permit for the La Paz Generating 
Facility, submitted to the Anzona Department of Environmental Quality (October 2, 2001). The 
following is my testimony relating to the information provided therein. ~ 

The reader should note that section-specific tables and figures are presented in or 
following each section of my testimony. They accordingly are numbered sequentially, beginning 
at 1 , in each section. 

VISIBILITY 

-1. The Proposed La Paz Generating Facility Will Adversely Impact Visibility in Nearby 
Wilderness  Areas 

The proposed project is surrounded by seven Class I1 wilderness areas. Air pollutant emissions 
from the proposed project could potentially degrade visibility in these wilderness areas beyond a 
threshold that is considered acceptable by the U.S. Forest Service, whxh is the Federal Land 
Manager for these wilderness areas. 

The Applicant prepared a Level I visibility screening analysis for the following seven wilderness 
areas (Figure 1): 

0 Eagletail Mountains Wilderness Area 
0 Big Horn Mountains Wilderness Area 
0 Hummingbird Springs Wilderness Area 
0 Harquahala Mountains Wilderness Area 
0 Harcuvar Mountains Wilderness Area 
0 New Water Mountains Wilderness Area 
0 Signal Mountains Wilderness Area 

Results of the Applicant’s Level 1 visibility screening analysis showed that the Delta E (color 
difference) and Contrast screening criteria were exceeded at all seven wilderness areas, thus 
indicating the potential for significant visibility degradation as a result of project air pollutant 
emissions. 

The Applicant also prepared a refined Level 2 visibility screening analysis for the project that 
showed the project would meet the Delta E and Contrast screening criteria, thus indicating that 
the project would not cause significant visibility degradation. However, there are numerous flaws 
in the Applicant’s analysis, which have led to erroneous results for most of the wilderness areas. 
The flaws in the Applicant’s analysis are summarized below. 
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1.A Meteorological Conditions 

A level 1 visibility screening analysis assumes a uniform worst-case meteorological condition 
that may not occur at a given location. As part of the Level 2 visibility screening analysis, site 
specific meteorological conditions are evaluated to establish worst-case conditions that would 
actually ~ occur at the site. 

The Applicant evaluated meteorological data that was collected at the site to establish worst-case 
conditions following the methodology established by the Environmental Protection Agency 
(EPA) in their “Workbook for Plume Visual Impact Screening and Analysis” (EPA Visibility 
Workbook). However, there are substantial discrepancies between the worst-case meteorological 
conditions selected by the Applicant and the site-specific meteorological data. These 
discrepancies have led to an under-prediction of potential visibility impacts. It is unclear how the 
Applicant derived their worst-case meteorological conditions, but it appears that several factors 
let to a misidentification of worst-case meteorological conditions including: 

- 

Exclusion of all hours where the wind speed was less than 1 .O d s ,  which is defined as 
“calm” for the ISCST dispersion modeling, but would still be considered a valid condition for 
the visibility modeling. 

Exclusion of pre-dawn hours from the frequency distribution. While visibility impairment is 
not estimated for nighttime hours, the EPA Visibility Workbook notes that pollutant transport 
at night can result in visibility impairment at sunrise, and in cooler seasons, well into the 
morning hours. Therefore, the EPA recommends that nighttime hours be included in the 
frequency distribution. 

The Applicant used only a single wind direction in identifying the worst-case condition. In 
many cases, a range of wind conditions can result in pollutant transport over the wilderness 
area. The worst-case wind direction should have been used in the analysis. 

= 

= 

Worst case meteorological conditions were re-evaluated to identify the worst-case dispersion 
conditions for the seven wilderness areas as shown in Tables 1-7 The worst-case dispersion 
conditions identified in these tables were used in a revised visibility screening analysis as 
discussed below. 

1.B Screening Criteria 

The EPA Visibility Workbook specifies visibility screening criteria to evaluate changes in 
observed color differences (Delta E) and plume skyherrain contrast. The Federal Land Managers 
also specify the same criteria in their guidance publication “Federal Land Managers’ Air Quality 
Related Values Workgroup (FLAG) Phase I Report” The screening criteria recommended by 
both the EPA and Federal Land Managers are as follows: 

DeltaE 2.0 

= Contrast 0.05 
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The Applicant used these values for their Level 1 screening analysis, but used substantially 
greater values for some of their Level 2 analyses. Specifically, the Applicant's screening criteria 
were as high as 1 1.44 for Delta E and 0.29 for Contrast. Had the correct screening criteria been 
used for the Level 2 visibility screening analysis, the results would have shown that the proposed 
project would not pass the screening test and would have the potential to adversely impact 
regional visibility in several of the nearby wilderness areas. 

1.C Background VisuaI Range 

The Applicant's analysis followed the EPA Visibility Workbook procedure for selecting a 
background visual range of 1 IO krn. However, as noted in the EPA Visibility Workbook, "In 
cases where there is more applicable onsite data, source owners should consult with the Federal 
Land Manager for the Class I [or Class 11] area in question concerning the appropriate regional 
background visual range values for input to VISCREEN or other plume visibility models.'' Had 
the Applicant consulted the applicable Federal Land Manager, they would have been required to 
use more representative background visual range values for their Level 1 and 2 visibility 
screening analysis. 

Figures 2 and 3 provide regional visual range values for the project area. For the Level 1 
visibility screening analysis it would be appropriate to use the 90th percentile background visual 
range of about 260 km as representative of the project area. For the Level 2 visibility screening 
analysis, the 50th percentile background visual range would be appropriate, whch is about 160 
krn for the project area. These background visual range values were used in the revised Level 1 
and 2 visibility screening analyses that are provided in the following section. 

1.D Revised Level 2 VisibiIity AnaIysis 

Based on the comments listed above, the Level 2 visibility screening analysis was revised to 
incorporate the re-evaluated worst-case meteorological conditions, representative background 
visual range and correct screening criteria. With the exception of corrections to the worst-case 
meteorological conditions, screening criteria and background visual range, all other input 
parameters were identical to the Applicant's analysis. The results of the Level 2 visibility 
screening analysis are provided in Tables 8 through 14 and indicate that the proposed project has 
the potential to significantly degrade visibility in the regional wilderness areas as follows: 

- 

Wilderness Area- 

Eagletail Mountains Wilderness Area 
Big Horn Mountains Wilderness Area 
Hummingbird Springs Wilderness Area 
Harquahala Mountains Wilderness Area 
Harcuvar Mountains Wilderness Area 
New Water Mountains Wilderness Area 
Signal Mountains Wilderness Area 

3 

Screening Results 

Failed Screening 
Failed Screening 
Failed Screening 
Failed Screening 
Passed 
Passed 
Failed Screening 



Based on these results, it appears that the proposed project has the potential to degrade visibi ity 
in most of the surrounding wilderness areas. Therefore, additional measures are needed to reduce 
air pollutant emissions from the proposed project to protect regional visibility. 
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Figure 1 
Class I I  Wilderness Areas Near the Project Site 

I 
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Figure 2 
Background Visual Range Values for the Western United States 

90th Percentile Annual Standard Visual Range (km) 
Class 1 Wildernesses - Western States 

Median Annual Standard Visual Range (km) 
Class 1 Wildernesses - Western States 
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Table 1 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
Eagletail Mountains Wilderness Area 

Dispersion 
Condition 

F-1 
F-2 
F-3 
E-1 
E-2 
E-3 
D1 
E 4  
E-5 
D2 
D3 
D 4  
D5 
D6 

5 7  
D-8 

~. 

Transport 
Time 

(hours) 
2.1 
1.0 
0.7 
2.1 
1 .o 
0.7 
2.1 
0.5 
0.4 
1 .o 
0.7 
0.5 
0.4 
0.3 

- 0.3 
0.3 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worst-case Wind Direction and Time of Day (percent) 

0046 06-1 2 12-1 a 18-24 

f d 
0.2 0.2 
0.1 0.3 
0.0 0.3 
0.1 0.5 
0.2 0.7 
0.2 0.9 
0.1 - 1.0 
0.1 1.1 
0.0 1.2 
0.2 1.4 . 

0.2 1.6 
0.1 1.7 
0.0 1 .a 

0.0 1.8 
0.0 1.8 

0.0 1.8 

Minimum Distance to Class I1 Area (km): 7.4 
Maximum Distance to Class II Area (km): 27.29 

f 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.1 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 

d f 
0.0 0.0 
0.0 0.0 

0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.1 0.0 
0.1 0.0 
0.1 0.0 
0.2 0.0 
0.2 0.0 
0.3 0.0 
0.3 0.0 
0.3 0.0 
0.3 0.0 
0.4 0.0 - 

cf f 
0.0 0.1 
0.0 0.1 
0.0 0.0 
0.0 0.1 
0.0 0.3 
0.0 0.2 
0.1 0.1 
0.1 0.1 
0.1 0.0 
0.1 0.1 
0.1 - 0.1 
0.2 0.1 
0.2 0.0 
0.2 0.0 
0.2 0.0 
0.3 0.0 - 

cf 
0.1 
0.2 
0.3 
0.3 
0.6 
0.8 

0.8 
0.9 
0.9 
1.0 
1.2 
1.3 
1.3 
1.3 
1.3 
1.3 

1 

f = frequency 
cf = Cumulative Frequency 
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Table 2 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
Big Horn Mountains Wilderness Area 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worst-case Wind Direction and Time of Day (percent) 

00-06 06-1 2 12-18 1824 

Dispersion 
Condition 

F-1 

F-2 
F-3 
E-1 
E-2 
E-3 
5 1  
E 4  
E-5 
D 2  
D 3  

- D 4  

Transport 
Time 

(hours) 
4.4 

2.2 
1.5 
4.4 
2.2 
1.5 
4.4 
1.1 
0.9 
2.2 
1.5 
1.1 

D5 0.9 
D6 0.7 
D 7  0.6 
D-8 0.6 

f cf 
0.1 0.1 
0.1 0.2 
0.0 0.3 
0.1 0.4 
0.3 0.7 

1.0 0.3 
0.1 1.1 
0.4 1.5 
0.1 1.6 
0.4 2.0 
0.4 2.4 
0.1 2.6 

0.1 2.7 

- 

0.1 2.8 
0.0 2. a 
0.0 2.8 

Minimum Distance to Class II Area (km): 15.9 
Maximum Distance to Class It Area (km): 27.03 

f cf 
0.0 0.0 
0.0 0.0 

0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.1 0.1 
0.0 0.1 
0.0 0.1 
0.2 0.4 

0.2 0.6 
0.2 0.8 

1.0 0.1 
0.1 1 .o 
0.0 1.1 
0.0 1.1 

- 

f cf 
0.0 0.0 

0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.1 0.1 
0.0 0.1 
0.2 0.3 
0.0 0.3 
0.1 0.4 
0.1 0.5 
0.1 0.6 

0.2 0.8 
0.1 0.9 

1.0 0.1 
0.1 1 .o 

- 

f €f 
0.1 0.1 
0.1 0.2 
0.0 0.2 
0.1 0.3 
0.4 0.8 
0.7 - 1.4 
0.1 1.6 
0.7 2.3 
0.2 2.5 
0.3 2.7 
0.6 3.3 
0.3 3.6 
0.2 3.8 
0.1 3.9 
0.0 3.9 
0.0 3.9 

f = frequency 
cf = Cumulative Frequency 
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Table 3 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
Hummingbird Springs Wilderness Area 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worstcase Wnd Direction and Time of Day (percent) 

00-06 06-1 2 12-18 18-24 

Dispersion 
Condition 

F-1 
F-2 
F-3 

E-1 
E-2 
E-3 
D 1  
E 4  
E-5 
D 2  
P 3  
D 4  
D 5  
D-6 
D-7 
D-8 

Transport 
Time 
(hours) 

5.9 
3.0 
2.0 
5.9 
3.0 

2.0 
5.9 
1.5 
1.2 

- 3.0 
2.0 
1.5 
1.2 
1 .o 
0.8 
0.7 

f cf 
0.1 0.1 
0.1 0.2 
0.0 0.3 
0.1 0.4 
0.3 0.7 
0.3 - 1.0 

0.1 1.1 
0.4 1.5 
0.1 1.6 
0.4 2.0 
0.4 2.4 
0.1 2.6 
0.1 2.7 
0.1 2.8 
0.0 2.8 
0.0 2.8 

Minimum Distance to Class I I  Area (km): 21.4 
Maximum Distance to Class I t  Area (km): 33.15 

f 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.1 
0.0 
0.0 

0.2 
0.2 
0.2 
0.1 
0.1 
0.0 
0.0 

cf f 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.1 

0.1 0.0 
0.1 0.2 
0.1 0.0 

0.4 0.1 
0.6 0.1 
0.8 0.1 

1.0 0.2 
1 .o 0.1 

1.1 0.1 
1.1 0.1 

- 

cf f 
0.0 0.1 
0.0 0.1 
0.0 0.0 
0.0 0. I 
0.0 0.4 
0.1 0.7 
0.1 0.1 
0.3 0.7 
0.3 0.2 
0.4 0.3 
0.5 0.6 
0.6 0.3 
0.8 0.2 
0.9 0.1 
1.0 0.0 
1 .o 0.0 
- 

cf 
0.1 
0.2 

0.2 
0.3 
0.8 
1.4 
1.6 
2.3 
2.5 
2.7 

- 

3.3 
3.6 
3.8 
3.9 
3.9 
3.9 

f = frequency 
cf = Cumulative Frequency 
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Table 4 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
Harquahala Mountains Wilderness Area 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worst-case Wind Direction and Time of Day (percent) 

00-06 06-1 2 12-18 18-24 
Transport 

Dispersion Time 
Condition (hours) 

F-1 7.2 
F-2 3.6 
F-3 2.4 
E-1 7.2 
E-2 3.6 
E-3 2.4 
D-1 7.2 
E 4  1.8 
E-5 1.4 
D-2 3.6 
D 3  2.4 

- D 4  1.8 
D-5 1.4 
D-6 1.2 
D-7 1 .o 
p8 0.9 

f cf 
0.1 0.1 
0.0 0.1 
0.0 0.1 
0.0 0.2 
0.1 0.3 
0.0 0.3 
0.0 0.3 
0.0 0.4 
0.0 0.4 
0.0 0.4 . 
0.1 0.5 
0.1 0.5 
0.0 0.6 
0.0 0.6 
0.0 0.6 
0.0 - 0.6 

Minimum Distance to Class II Area (km): 25.74 
Maximum Distance to Class II Area (km): 33.15 

f 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.1 
0.0 
0.0 

cf f 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 - 0.0 
0.1 0.1 
0.1 0.1 
0.1 0.1 
0.2 0.4 
0.2 0.2 
0.2 0.0 - 

cf f 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.1 
0.0 0.1 
0.1 0.3 
0.1 0.1 
0.1 0.1 
0.1 0.0 
0.1 0.2 
0.3 0.3 
0.4 - 0.5 
0.5 0.4 
0.9 0.2 
1.1 0.1 
1.2 0.0 
- 

cf 
0.0 
0.1 
0.1 
0.2 
0.3 
0.7 
0.7 
0.9 
0.9 
1.1 
1.4 
1.9 
2.4 
2.6 
2.7 
2.7 

- 

f = frequency 
cf = Cumulative Frequency 
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Table 5 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
Harcuvar Mountains Wilderness Area 

Transport 
Dispersion Time 
Condition (hours) 

F-1 13.1 
F-2 6.6 

F-3 4.4 

E-1 13.1 
E-2 6.6 
E-3 4.4 
D 1  13.1 

E 4  3.3 
E-5 2.6 
D 2  6.6 
D 3  4.4 

- D-4 3.3 
D 5  2.6 
D-6 2.2 

D-7 1.9 -_ 1.6 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worst-case Wnd Direction and Time of Day (percent) 

00-06 06-1 2 12-18 1824 

f 
0.1 

0.0 

0.0 

0.1 
0.1 

0.1 

0.0 
0.0 
0.0 

0.1 

0.1 
0.0 

0.0 
0.0 

0.0 
0.0 

cf- 
0.0 
0.2 
0.2 
0.1 
0.2 
0.3 
0.3 
0.3 

0.3 

0.4 .- 
0.5 
0.6 
0.6 
0.6 

0.6 
0.6 - 

Minimum Distance to Class II Area (km): 47.3 
Maximum Distance to Class /I Area (km): 58.57 

f 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.1 
0.0 
0.0 

cf 
0.0 
0.0 

0.0 

0.0 

0.0 

0 .o 
0.0 
0.0 
0.0 

0.0 
0.1 
0.1 
0.1 
0.2 
0.2 
g 

f 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.1 
0.1 
0.1 
0.1 
0.0 
0.0 

cf 
0.0 
0.0 

0.0 

0.0 

0.0 
0.1 

0.1 
0.1 
0.1 
0.1 
0.2 
0.4 
0.5 
0.6 
0.6 

0.6 - 

f = frequency 
cf = Cumulative Frequency 
' - Indicates that transport time exceeded 12 hours and frequency was not included in curnlative total. 

f 
0.0 
0.0 

0.0 

0.1 
0.1 

0.1 
0.0 

0.0 
0.0 
0.1 

0.1 
0.1 
0.1 
0.1 

0.0 
0.0 

cf 
0.0 
0.1 
0.1 
0.1 
0.1 
0.3 
0.3 
0.3 
0.3 
0.4 
0.6 
0.7 
0.8 
0.8 
0.9 

0.9 

- 

- 

11 



Table 6 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
New Water Mountains Wilderness Area 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worst-case Wind Direction and Time of Day (percent) 

00-06 06-1 2 12-18 1 8-24 
Transport 

Dispersion Time 
Condition (hours) 

F-1 12.9 
F-2 6.4 
F-3 4.3 
E-I 12.9 
E-2 6.4 
E-3 4.3 
D 1  12.9 
E 4  3.2 
E-5 2.6 
D 2  6.4 
D 3  4.3 

- D 4  3.2 
D 5  2.6 
D-5 2.1 
D 7  1.8 
D-8 1.6 

f cf 
0.2 0.0 
0.1 0.2 
0.0 0.2 
0.1 0.1 
0.1 0.2 
0.1 0.3 
0.1 0.3 
0.0 0.3 
0.0 0.3 

- 0.2 0.5 
0.1 0.6 
0.0 0.6 
0.0 0.6 
0.0 0.6 
0.0 0.6 

0.0 - 0.6 

f 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 

0.1 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

d f 
0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.2 0.1 
0.2 0.0 
0.2 0.0 

0.2 0.0 
0.2 0.0 
0.2 . 0.0 
0.2 0.0 - 

cf f 
0.0 0.0 
0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.1 
0.0 0.0 

0.0 0.0 

0.0 0.0 
0.0 0.0 

0.1 0.0 
0.1 0.0 
0.1 0.0 
0.1 0.0 

0.1 0.0 
0.1 0.0 

0.2 0.0 - 
Minimum Distance to C l ~ s s  II Area (km): 46.34 
Maximum Distance to Class II Area (km): 66.93 

f = frequency 
cf = Cumulative Frequency 
* - Indicates that transport time exceeded 12 hours and frequency was not included in cumlative total. 

. 
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cf 
0.0 

0.0 

0.0 

0.0 
0.1 

0.1 
0.1 
0.1 
0.1 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 - 



1 '  1 

Table 7 
Analysis of Worst-case Meteorological Conditions for Level 2 Visibility Screening 
Signal Mountains Wilderness Area 

Cumulative Frequencies of Occurrence of Given Dispersion Condition 
Associated with Worst-Case Wind Direction and Time of Day (percent) 

00-06 06-1 2 12-18 18-24 

Dispersion 
Condition 

F-1 
F-2 
F-3 
E-I 
E-2 
E-3 
D 1  
E 4  

Transport 
Time 

(hours) f d 
13.9 0.2 0.0 
6.9 0.2 0.3 

4.6 0.0 0.3 

13.9 * 0.2 0.2 
6.9 0.4 0.6 

4.6 0.9 ' 1.5 
13.9 ' 0.1 1.5 
3.5 0.7 2.1 

E-5 2.8 0.0 2.2 
D 2  6.9 0.6 2.8 
D-3 4.6 0.7 3.5 

- D 4  3.5 0.2 3.7 
D-5 2.8 0.0 3.7 
D-6 2.3 0.0 3.7 
D 7  2.0 0.0 3.7 
D-8 1.7 0.0 3.7 

Minimum Distance to Class II Area (km): 49.88 
Maximum Distance to Class I I  Area (km): 56.64 

f = frequency 
cf = Cumulative Freauencv 

f 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.1 
0.0 

0.0 

0.1 
0.3 
0.1 
0.0 
0.1 
0.1 
0.0 

d 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.2 
0.4 
0.6 
0.6 
0.7 
0.7 
0.7 - 

- f  
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.1 
0.1 
0.0 
0.1 
0.1 
0.1 

0.0 

cf f 
0.0 - 0.2 
0.0 0.1 
0.0 0.0 

0.0 0.2 

0.0 0.4 
0.0 0.6 
0.0 0.1 
0.1 0.5 
0.1 0.0 
0.1 0.3 
0.2 0.6 
0.2 0.2 
0.3 0.0 

0.4 0.0 
0.5 0.0 

- 0.5 0.0 

d 
0.0 

0.3 
0.3 
0.1 
0.5 

1.1 

1.1 
1.6 
1.6 
1.9 
2.5 

. 2.6 
2.7 
2.7 
2.7 
2.7 

- 

. I  

- indicates that transport time exceeded 12 hours and frequency was not included in cumlative total. 
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Table 8 
Level 2 Visibility Screening Analysis for Eagletail Mountains Wilderness Area 

Visual Effects Screening Analysis for 
Source: La Paz Generating Facility 
Class I Area: Eagletail Mountains Wilderness 

***  User-selected Screening Scenario Results * * *  
Input Emissions for 

Particulates 5 3 5 . 2 0  TON/YR 
NOx (as N02) 4 1 1 . 6 0  TON/YR 
Primary NO2 .OO TON/YR 
soot . o o  TON/YR 
Primary SO4 . o o  TON/YR 

PARTICLE CHARACTERISTICS 
Density Diameter ------- - - - - - - - - - -- - -- - - - - - - - - - 

Primary Part. 2 . 5  6 
soot 2 . 0  1 
Sulfate 1 . 5  4 

Transport Scenario Specifications: 

Background Ozone: . 0 4  ppm 
Background Visual Range: 160.00 km 
Source-Observer Distance: 7 . 4 0  km 
Min. Source-Class 1-Distance: 7 . 4 0  km 
Max. Source-Class I Distance: 27 .29  km 
Plume-Source-Observer Angle: 1 1 . 2 5  degrees 
Stability: 4 
Wind Speed: 1.00 m/s 

R E S U L T S  

-Asterisks ( * )  indicate plume impacts that exceed screening criteria 

Maximum Visual-Impacts INSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume 
-_-___-- ---_- --- _------- ----- ---- ----- -------- ----- --- -------- ----- ---- ----- 
SKY 1 0 .  165.  2 7 . 3  4 .  2 . 0 0  1 5 . 1 5 8 *  
SKY 1 4 0 .  1 6 5 .  2 7 . 3  4 .  2 . 0 0  3 . 9 2 5 *  
TERRAIN 1 0 .  1 6 5 .  2 7 . 3  4 .  2 . 0 0  2 7 . 5 2 8 *  
TERRAIN 1 4 0 .  165.  2 7 . 3  4 .  2 . 0 0  4 .948*  

Maximum Visual Impacts OUTSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume 
-------- ===== -_- -------- ----- ---- ----- - - - - - - - - --- -------- ----- ---- ----- 

SKY 1 0 .  2 .  1 . 0  1 6 7 .  2 . 0 0  4 0 . 0 1 9 *  
SKY 1 4 0 .  2 .  1 . 0  1 6 7 .  2 . 0 0  1 2 . 8 5 1 *  
TERRAIN 1 0 .  2 .  1.0 1 6 7 .  2 . 0 0  7 0 . 2 9 2 *  
TERRAIN 1 4 0 .  2 .  1.0 1 6 7 .  2 . 0 0  1 8 . 4 6 2 *  

Area 
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Table 9 
Level 2 Visibility Screening Analysis for Big Horn Mountains Wilderness Area 

Visual Effects Screening Analysis f o r  - 
Source: La Paz Generating Facility 
Class I Area: Big Horn Mountains Wilderness 

***  User-selected Screening Scenario Results * * *  
Input Emissions for ~ 

Particulates 535.20 TON/YR 
NOx (as N02) 411.60 TON/YR 
Primary NO2 .OO TON/YR 

Primary SO4 .OO TON/% 
soot . o o  TON/YR 

PARTICLE CHARACTERISTICS 
Density Diameter 
======= ======== 

primary Part. 2.5 6 
soot 2.0 1 
Sulfate 1.5 - 4 

Transport Scenario Specifications: 

Background Ozone: .04 ppm 
Background Visual Range: 160.00 km 
Source-Observer Distance: 15.90 km 
Min. Source-Class I Distance: 15.90 km 
Max. Source-Class I Distance: 27.03 km 
Plume-Source-Observer Angle: . 11.25 degrees 
Stability: 5 
Wind Speed: 3.00 m/s 

R E S U L T S  

Asterisks ( * )  indicate plume impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E _ _ _ _ _ _ _ _ _ _ _  ___-_-____- 
Backgmd Theta Azi Distance Alpha Crit Plume 
======== ===== === ======== ===== ==== ===== 

SKY 10. 154. 27.0 15. 2.00 4.511* 
SKY 140. 154. 27.0 15. 2.00 1.267 
TERRAIN 10. 84. 15.9 84. 2.00 9.270* 
TERRAIN 140. 84. 15.9 84. 2.00 .560 

Maximum Visual Impacts OUTSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E 
=========== 

Backgrnd Theta Azi Distance Alpha Crit Plume 
_ _ _ _ _ _ _ _  _ _ _ _ _  -__ -___---_ ----- -_-- -_--- ______-_ __--_ _-_ _-_-__-_ ___-_ --__ _---_ 

SKY 1 0 .  1. 1.0 168. 2.00 22.783* 
SKY 140. 1. 1.0 168. 2.00 6.107* 
TERRAIN 10. 1. 1.0 168. 2.00 40.675* 
TERRAIN 140. 1. 1.0 168. 2.00 8.079* 

Area 

Area 
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Table 10 
Level 2 Visibility Screening Analysis for Hummingbird Springs Wilderness Area 

Visual Effects Screening Analysis for 
Source: La Paz Generating Facility 
Class I Area: Hummingbird Springs Wilderness 

* * *  User-selected Screening Scenario Results * * *  
Input Emissions for 

Particulates 535.20 TON/YR 
NOx (as N02) 411.60 TON/YR 

soot .OO TON/YR 
Primary SO4 .OO TON/YR 

Primary NO2 . o o  TON/YR 

PARTICLE CHARACTERISTICS 
Density Diameter - - - - - - - - -------- ------- ~ - - - - - - - 

Primary Part. 2.5 6 
soot 2.0 1 
Sulfate 1.5 4 

Transport Scenario Specifications: 

Background Ozone: .04 ppm 
Background Visual Range: 160.00 km 
Source-Observer Distance: 21.40 km 
Min. Source-Class I Distance: 21.40 km 
Max. Source-Class I Distance: 33.15 km 
Plume-Source-Obseyver Angle: 11.25 degrees 
Stability: 5 
Wind Speed: 3.00 m/s 

R E.S U L T S 

Asterisks ( * )  indicate plume impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class I Area 
Screening Criteria ARE Exceeded 

Delta E Contrast ----------- ------------ ---_-_----- ------------ 
Backgrnd Theta Azi Distance Alpha Crit Plume Crit Plume 
======== ===== =I= ======== ===I= ==== ===== ==== ===== 

SKY 10. 150. 33.2 19. 2.00 3.355* .OS .063* 
SKY 140. 150. 33.2 19. 2.00 .917 .OS -.031 
TERRAIN 10. 84. 21.4 84. 2.00 6.762* .05 .040 
TERRAIN 140. 84. 21.4 84. 2.00 .415 .OS . 005  

Maximum Visual Impacts OUTSIDE Class I Area 
Screening Criteria ARE Exceeded 

Delta E Contrast -__----_--- ------------ _---------- ------------ 
Backgrnd Theta A z i  Distance Alpha Crit Plume Crit Plume 
======== ===== =I= ======== ===I= ==== ===== ==== ===== 

SKY 10. 1. 1.0 168. 2.00 20.984* .05 .424* 
SKY 140. 1. 1.0 168. 2.00 5.324* . 05  -.189* 
TERRAIN 10. 1. 1.0 168. 2.00 33.644* . 0 5  .348* 
TERRAIN 140. 1. 1.0 168. 2.00 7.084* . 0 5  .158* 
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Table 11 
Level 2 Visibility Screening Analysis for Harquahala Mountains Wilderness Area 

Visual Effects Screening Analysis for 
Source: La Paz Generating Facility 
Class I Area: Harquahala Mountains Wilderness 

* * *  User-selected Screening Scenario Results * * *  
Input Emissions for 

Particulates 5 3 5 . 2 0  TON/YR 
NOX (as N02) 4 1 1 . 6 0  TON/YR 

soot . O O  TON/YR 
Primary SO4 .OO TON/YR 

Primary NO2 . o o  TON/YR 

PARTICLE CHARACTERISTICS 
Density Diameter 

- - - - - - - - -------- ------- - -- - - - - 
Primary Part. 2 . 5  6 
soot 2 . 0  1 
Sulfate 1 . 5  4 

Transport Scenario Specifications: 

Background Ozone: . 0 4  ppm 
Background Visual Range: 160.00 km 
Source-Observer Distance: 2 5 . 7 4  km 
Min. Source-Class I Distance: 2 5 . 7 4  km 
  ax. Source-Class 1 Distance: 3 3 . 1 5  km 
Plume-Source-Observer Angle: 1 1 . 2 5  degrees 
Stability: 4 
Wind Speed: 2 . 0 0  m/s 

R E S U L T S  

Asterisks ( * )  indicate plume impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class I Area 
Screening Criteria ARE Exceeded 

Delta E Contrast 
=========== ======e===== 

Backgrnd Theta Azi Distance Alpha Crit Plume Crit Plume 

SKY 10. 1 3 6 .  3 3 . 2  3 2 .  2 . 2 8  1 . 7 0 0  .OS . 0 3 2  
SKY 1 4 0 .  1 3 6 .  3 3 . 2  3 2 .  2 . 0 0  .493 .OS -.016 
TERRAIN 10. 8 4 .  2 5 . 7  8 4 .  2.16 4 . 4 2 9 *  .07  . 028  
TERRAIN 1 4 0 .  8 4 .  2 5 . 7  8 4 .  2 . 0 0  . 2 7 4  . 0 7  . 0 0 4  

======== e==== === ======== ===== ==== ===== ==== ===== 

Maximum Visual Impacts OUTSIDE Class I Area 
Screening Criteria ARE Exceeded 

Delta E Contrast 
=========== p=========== 

Backgrnd Theta Azi Distance Alpha Crit Plume Crit Plume 
======== ===== === ======== ====a ==== ===== ==== ===== 

SKY 10. 0 .  1 . 0  1 6 8 .  2 . 0 0  2 0 . 1 6 5 *  . 0 5  . 3 9 4 *  
SKY 1 4 0 .  0 .  1 . 0  168. 2 . 0 0  4 . 9 7 0 *  . 0 5  - . 1 7 5 *  
TERRAIN 1 0 .  0 .  1.0 1 6 8 .  2 . 0 0  2 9 . 7 2 9 *  .05 .313* 
TERRAIN 140,  0. 1.0 1 6 8 .  2 . 0 0  6 . 6 4 4 *  . 0 5  .157* 
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Table 12 
Level 2 Visibility Screening Analysis for Harcuvar Mountains Wilderness Area 

Visual Effects Screening Analysis for 
Source: La Paz Generating Facility 
Class I Area: Harcuvar Mountains Wilderness 

***  User-selected Screening Scenario Results * * *  
Input Emissions for 

Particulates 535.20  TON/= 
NOx (as N02) 411.60  TON/YR 
Primary NO2 .OO TON/YR 
soot .OO TON/= 
Primary SO4 . o o  TON/YR 

PARTICLE CHARACTERISTICS 
Density Diameter 

- - - - - - - - - - - - - - - - -- - - - - - ------- 
Primary Part. 2.5  6 
soot 2 . 0  1 
Sulfate 1 . 5  4 

Transport Scenario Specifications: 

Background Ozone: . 0 4  ppm 
Background Visual Range: 160.00 km 
Source-Observer Distance: 4 7 . 3 0  km 
Min. Source-Class I Distance: 4 7 . 3 0  km 
  ax. Source-Class I Distance: 5 8 . 5 7  km 
Plume-Source-Observer Angle: 1 1 . 2 5  degrees 
Stability: 4 
Wind Speed: 8 . 0 0  m/s 

R E S U L T S  

Asterisks ( * )  indicate plume impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class. 
Screening Criteria ARE NOT Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume 

SKY 1 0 .  1 3 2 .  5 8 . 6  3 7 .  2 . 0 0  . 2 5 5  
SKY 1 4 0 .  132. 5 8 . 6  3 7 .  2 . 0 0  .065  
TERRAIN 1 0 .  8 4 .  4 7 . 3  8 4 .  2 . 0 0  . 5 0 0  
TERRAIN 1 4 0 .  84 .  4 7 . 3  8 4 .  2.00 . 0 3 5  

__------ ---_- --- -------- ----- ---- ----- -------- ----- --- -------- ----- ---- ----- 

I Area 

Maximum Visual Impacts OUTSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E 
----------- ----------- 

Backgrnd Theta Azi Distance Alpha Crit Plume -------- _---- --_ -_------ ----- -__- ----- -------- ----- --- -------- ----- ---- ----- 
SKY 10. 0 .  1 . 0  1 6 9 .  2 . 0 0  4 . 7 2 4 *  
SKY 1 4 0 .  0 .  1 . 0  169. 2 . 0 0  , 9 7 6  

TERFSiIN 1 4 0 .  0 .  1.0 1 6 9 .  2 . 0 0  1 . 2 6 0  
TERRAIN 10. 0. - 1 . 0  1 6 9 .  2 . 0 0  5.918* 

Area 
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Table 13 
Level 2 Visibility Screening Analysis for New Water Mountains Wilderness Area 

Visual Effects Screening Analysis for 
Source: La Paz Generating Facility 
Class I Area: New Water Mountains Wilderness 

* * *  User-selected Screening Scenario Results * * *  
Input Emissions for 

Particulates 535.20 TON/= 
NOx (as N02) 411.60 TON/YR 
Primary NO2 . o o  TON/= 
soot .OO TON/YR 
Primary SO4 . o o  TON/= 

PARTICLE CHARACTERISTICS 
Density Diameter 
===ii=== ======== 

Primary Part. 2.5 6 
soot 2 . 0  1 
Sulfate 1.5 4 

Transport Scenario Specifications:- 

Background Ozone: .04 ppm 
Background Visual Range: 160.00 km 
Source-Observer Distance: 46.34 km 
Min. Source-Class I Distance: 46.34 km 
Max. Source-Class I Distance: 66.93 k m  
Plume-Source-Observer Angle: 1 1 . 2 5  degrees . 

Stability: 4 
Wind Speed: 4.00 m/s 

R E S U L T S  

Asterisks ( * )  indicate plume impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class 
Screening Criteria ARE NOT Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume 

SKY 10. 146. 66.9 23. 2 . 0 0  .640 
SKY 140. 146. 66.9 2 3 .  2.00 .144 
TERRAIN 10. 84. 46.3 84. 2 . 0 0  1 . 0 2 1  
TERRAIN 140. 84. 46.3 84. 2 . 0 0  .072 

-------- ----_ ______-_ __-__ === =e====== ===== ==== ===== 

I Area 

Maximum Visual Impacts OUTSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume 
=I====== ===== =E= ======== e==== ==== =E=== 

SKY 10. 0 .  1.0 169. 2 . 0 0  8.822* 
SKY 140. 0. 1.0 169. 2.00 1.886 
TERRAIN 10. 0. 1.0 169. 2 . 0 0  1 0 . 5 0 5 *  
TERRAIN 140. 0. 1.0 169. 2 . 0 0  2.460* 

Area 
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Table 14 
Level 2 Visibility Screening Analysis for Signal Mountains Wilderness Area 

Visual Effects Screening Analysis for 
Source: La Paz Generating Facility 
Class I Area: Signal Mountains Wilderness 

* * *  User-selected Screening Scenario Results * * *  
Input missions for 

Particulates 535.20 TON/YR 
NOx (as N02) 411.60 TON/YR 
Primary NO2 . o o  TON/YR 
soot .OO TON/YR 
Primary SO4 .OO TON/YR 

PARTICLE CHARACTERISTICS 
Density Diameter - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Primary Part. 2.5 6 
soot 2.0 1 
Sulfate 1.5 4 

-Transport Scenario Specifications: 

Background Ozone: .04 ppm 
. Background Visual Range: 160.00 km 

Source-Observer Distance: 49.86 km 
Min. Source-Class I Distance: 49.86 km 
Max. Source-Class I Distance: 56.64 km 
Plume-Source-Observer Angle: 11.25 degrees . 

Stability: 5 
Wind Speed: 3.00 m/s 

R E S U L T S  

Asterisks (*)  indicate plume impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class I 
Screenins Criteria ARE Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume -------- ---_- --- -------- ----- ---- ----- -------- ----- --- -------- ----- ---- ----- 

SICY 10. 117. 56.6 51. 2.00 1.207 
SKY 140. 117. 56.6 51. 2.00 . 3 2 8  
TERRAIN 10. 84. 49.9 84. 2.00 2 . 5 1 2 *  
TEm-IN 140. 84. 49.9 84. 2.00 .187 

Maximum Visual Impacts OUTSIDE Class I 
Screening Criteria ARE Exceeded 

Delta E ----------- ----------- 
Backgrnd Theta Azi Distance Alpha Crit Plume ---_---- _-___ -_- -----__- ----- ---- ---__ -------- ----- --- -------- ----- ---- ----_ 

SKY 10. 0. 1.0 169. 2.00 13.927* 
SKY 140. 0. 1.0 169. 2.00 3.114* 
TERRAIN 10. 0. 1.0 169. 2.00 14.654* 
TERRAIN 140. 0. 1.0 169. 2.00 4.139* 

Area 

Area 
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AMMONIA RISKS 

I I .  Ammonia Transportation: Risk Analysis and Mitigation Measures 

The La Paz Generating Facility ("La Paz" or "Project") would use 19% aqueous ammonia 
in a selective catalytic reduction ("SCR") system to remove nitrogen oxides from exhaust gases. 
About 150 7,500-gallon tanker trucks per year would deliver t h s  ammonia to the Project site. 
The ammonia would likely be distributed from a local supplier in Phoenix that would receive 
their ammonia from California. 

I performed an analysis that evaluates the risks and consequences of transporting aqueous 
ammonia to the proposed La Paz project. The proposed project would require at least 150 
ammonia deliveries per year, which would likely originate in the Phoenix metropolitan area. My 
analysis indicates that, in the absence of additional safety measures, the proposed project would 
create a significant risk during ammonia transport, mainly in the greater Phoenix area. 

The risk analysis only evaluates the risks associated with aqueous ammonia transportation 
directly related to the project. It does not evaluate the transportation of ammonia to regional 
suppliers, nor does it consider cumulative risks associated with other recently proposed and/or 
approved projects. 

In order to reduce the potential risks associated with the proposed project, the following safety 
measures should be implemented: 

Require the Applicant to implement a driver hiring and training -- reduces the 
accident rate by 30 percent and the spill rate by 20 percent. 

Require the Applicant to implement a truck inspection and maintenance program -- 
reduces the accident rate by 10 percent. 

Require the Applicant to transport ammonia only during weekend and holiday 
daylight hours --reduces the number of people potentially exposed by about 75 
percent along the transportation routes. However, a larger storage capacity might be 
required at the La Paz facility because the weekend delivery volume would have to be 
roughly doubled. Alternatively, half of the loads could be delivered on weekend days 
and the other half on weekday mid-days when traffic is light. 

Require the Applicant to use MC-33 1 trucks -- reduces the frequency of large spills 
by 50 percent-and small spills by 17 percent. 

Alternatively, the CEC should encourage the Applicant to consider alternatives to aqueous 
ammonia, either through alternative emission control technologies, such as SCONOx, or through 
alternative ammonia technologies. SCONOx does not require the use of ammonia, thereby 
avoiding all risk associated with ammonia transportation. Alternative ammonia technologies, 
such as an "Ammonia on Demand" system, uses urea to generate ammonia onsite. Urea is 
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shipped as a solid and would not pose any substantial risk to the public in the event of a truck 
accident or accidental spill. 

E A  Transportation Risk Analysis Methods 

Significance thresholds have been developed by other regulatory agencies to define the 
severity of potential ammonia hazards. The California Energy Commission (CEC) staff use 
significance threshords for hazardous materials of one in 100,000 for 10 exposed individuals and 
of one in 1,000,000 for 100 exposed individuals. In other words, if an accident occurs that has a 
probability of occurrence of greater than one in 100,000 and it exposes 10 or more individuals to 
significant concentrations of ammonia, that accident is considered to be significant. Similarly, if 
an accident occurs that has a probability of occurrence greater than one in 1,000,000 and it 
exposes 100 or more individuals to significant concentrations, it too is significant. The following 
data shows the ammonia concentration values that the staff uses and corresponding exposure 
durations to establish significance for three categories of consequences - injury, serious injury 
and fatality. 

- 

Consequence Concentration (ppm) Exposure Duration (min) 
Injury - 75 30 
Serious Injury 200 60 
Fatality 2000 30 

These concentrations represent the lower threshold concentration for each consequence 
category. The 75 ppm injury threshold is used by CEC staff to represent potentially significant 
impacts if the probability exceeds one in 100,000 for 10 exposures and one in 1,000,000 for one 
exposure. Given the potentially long duration associated with an aqueous ammonia spill, the 
fatality level was modeled using a 60-minute exposure at a concentration of 1,000 ppm, which is 
also equivalent to the ERPG-3 level. 

- 

Therefore, to evaluate whether an ammonia transportation risk is sigmficant, one must 
estimate two numbers: 1) the probability that a consequence (e.g., injury or fatality) will occur 
from a transportation accident and 2 )  the number of individuals that will be exposed to ammonia 
concentrations that exceed staffs significance levels under such accidents. 

These two numbers were calculated using the standard procedures described in the 
Guidelines for Chemical Transportation Risk Analysis (CCPS, 1995). The first number, the 
probability that an incident outcome (ie., a fatality or injury) will occur is given by: 

where: 

Fg,i,k = frequency of incident outcome k for release size i on segment g 
T = tripsperyear 
A = accident rate per mile 
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Ri = release probability for release size i 
Lg = length of segment g in miles 

Pi,k = probability of incident outcome k for release size i 
g = segment counter 
i = release size counter 
k = incident outcome counter 

The second number, the associated consequences or number of persons exposed, is given by: 

Ng,i,k = CAi,k PD, * PFi,k (2)  

where: 

Ng,i,k = number of fatalities (or injuries) for incident outcome k for release size i on 

CAlk = consequence area associated with incident outcome k for release size i 
PD, = population density for segment g 
PF~J = probability of injury/fatality for incident outcome k for release size i 

segment g - 

g = segment counter 
i =  release size counter 
k = incident outcome counter 

The following sections discuss each input variable used in this analysis for deriving these two 
equations and the result of the analysis. (These two equations are referred to below as Equation 
One and Equation Two.) 

II.A.1 Trips Per Year (Eq. 1, T) 

The first variable (“T”) in Equation One requires an estimate of the number of ammonia . 
delivery trips per year to the Project site. The Project would require annually 150 tanker 
deliveries of 7,500 gallons for 19% aqueous ammonia. Risk estimates are based on one-way 
trips only, when the tanker truck would be fully loaded. Return trips, when trucks would be 
empty, were not considered in the analysis. 

II.A.2 Truck Accident Rates Per Mile (Eq. 1, A) 

Route-specific accident rates for each of the seven segments of the ammonia route were 
developed on an annual basis in units of truck accidents per truck miles. 

Information on both truck traffic and truck accidents is available from the Center for 
Chemical Process Safety (CCPS of the American Institute of Chemical Engineers (AIChE). 
Truck accident rates and spill probabilities are provides in the CCPS “Guidelines for Chemical 
Transportation Risk Analysis.” 
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In our analysis, the proposed route was broken down by individual highway. Information 
provided by the CCPS database was detailed enough to further break down each hghway by 
individual land use and population density. 

Accident Population 
Length Accident Rate Probability Density (per 

Segment Route (miles) (mile-year) @er year) sq.mi.) 

0.4 1.39E-05 5.57E-06 10,000 
L, 

B SR-87 5.0 2.18E-06 1.09E-05 10,000 
C U.S. 60 to 1-10 7.0 2.18E-06 1.53E-05 10,000 
D 1-10 Urban 28.0 2.18E-06 6.1 OE-05 10,000 

G Avenue75 1 .o 2. NE-06 2.19E-06 1,000 

A Pi,k PD, - .  
A LocalRoads 

E I-lOS~burban 13.0 2.18E-06 2.83E-05 5,000 
F I-1ORural 44.0 2.15E-06 9.46E-05 3,000 

When merging the accident rate segments with the population density survey, there were 
times when the land use did not change, but the accident rate did. In this case a weighted 
average was calculated for that segment based on the two different accident rates and the length 
of the segment. T h s  rate was then applied to only that one segment. Table 1 provides the route- 
specific accident rates for each segment. 

Table I Transportation Route Accident Rates 

II.A.3 Release Probability (Eq. 1, Ri) 

The next step for Equation One was to estimate the probability that a transportation 
accident would result in a release of ammonia. We made this estimate based upon a review of 
two major sources of data on hazardous material accidents; 

The first source reviewed was a study of hazardous material accidents on highways over 
the five-year period, 198 1 through 1985, done by MRI (Midwest Research Institute). This study 
concluded that, based on truck accidents reported to the Bureau of Motor Carrier Safety (BMCS) 
of the Federal Highway Administration, 15.2 percent of accidents involving hazardous material- 
carrying vehicles resulted in a release. Accidents involving tank trucks resulted in releases 
16.6 percent of the time based on 1984-1985 BMCS-reported accident data. 

The second source reviewed was data reported during the eleven-year period 1976 
through 1986, by the Hazardous Materials Information System of the Department of 
Transportation. During this time, 1,154 releases of gasoline occurred on the hghway due to 
accidents, or an average of 105 per year. Most of these accidents are assumed to have involved 
MC-306 trucks, although some may have been MC-307 trucks. The distribution of these releases 
by size indicates that small releases (1-1,000 gallons) account for 35 percent of all spills; and 
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large releases (> 1,000 gallons) account for 65 percent of all spills. The relatively low number of 
small releases is likely the result of undenreporting of such incidents. 

Accordingly, for purposes of this analysis, we assumed that the total conditional spill 
probability for MC-306 tank trucks, given an accident involving a loaded truck, is equal to 
16 percent. The conditional release probability for small spills is taken as 9 percent, and for large 
spills, 7 percent for MC-306 trucks. 

We used the MC-306 truck release probabilities to develop an assumption for MC-307 
tank trucks, the trucks that Applicant proposes to use. The release probability for MC-307 trucks 
is less than for MC-306 trucks since tank trucks constructed to the MC-307 specifications 
generally have thicker tank shells and heads to provide the required strength for 25 psig internal 
workmg pressures. (The MC-306 specification requires only that the shell and head be 
constructed to withstand the fully loaded static pressure head.) Accordingly, the resistance to 
external punctures, shell failures, etc. of the MC-307 is expected to be greater than for the MC- 
306. Other specifications, which relate to valves, fittings, closures, piping, etc., are similar for 
these two tank specifications. 

Based on these differences in tank construction, we assumed that the release probability 
for large spills was 5 percent for the MC-307 tank truck and 9 percent for small spills, although 
small spills were not included in the risk analysis due to the relatively low risk associated with 

I small aqueous ammonia spills. 
I 

II.A.4 Segments of the Proposed Route and Associated Lengths (Eq. 1, Lg) 
I 

Equation One requires that the route be divided into segments and the length specified for 
each segment. Figure 1 shows-the ammonia delivery route for this Project. The proposed route 
shown in Figare 1 was divided into seven segments (A through G) based on road type and 
population density characteristics. Table 1 sets forth the assumed length and characteristics of 
each segment. 

I 
The transportation analysis was performed for each route segment g. We evaluated the 

entire route, fiom Phoenix, where a majority of the State’s aqueous ammonia supply originates, 
to the project site. Alternative routes and suppliers were not explicitly evaluated since most of 
the ammonia supplied to the project site would result in additional ammonia transportation from 
Phoenix to the supplier’s location. In many cases, this would involve the transport of anhydrous 
ammonia between California and a supplier, where the aqueous ammonia would be produced. 

- 

II.A.5 Conditional Probabilities (Eq. 1, Pi,k; Eq. 2, PFi,,J 

Conditional probabilities are included in the risk analysis to define the probability of an 
incident outcome (i.e., an injury or fatality) given an exposure to ammonia at levels equal to or 
greater than the exposure criteria. Generally, not all individuals would experience the same 
health effect at the same concentration or, in other words, not all individuals would be injured or 
die if exposed to the injury and fatality levels as defined in Section 1.0. In addition, not all 
individuals would remain in the area of an accidental release long enough to receive the full 
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dosage necessary to experience adverse health effects. Therefore, it was assumed in th s  analysis 
that only 10 percent of the potentially exposed population would actually experience the adverse 
health effect as defined by the three exposure criteria for injury, serious injury and fatality. 

II.A.6 Population Densities (Eq. 2, PDA 

Table 1 summarizes the population densities applied in this analysis. A population 
density of 10,000 per square mile was assumed for two segments (A through D) and a population 
density of 1,000 per square mile was assumed for segments F and G. We assumed a population 
density of 3,000 per square mile for the remaining four segments. 

While a release at any one point may involve a density somewhat different than that 
shown, these values represent reasonable expected conditions. Moreover, they have been 
applied uniformly across the various routes evaluated. The population on the roadways (in 
transit) is included in these categories since such population could not reliably be addressed 
separately. The following discussion explains how each of these densities was derived. 

Each route segment was characterized not only by its length and applicable accident rate, 
but also in terms of the surrounding population and their activities. The general categories were: 

Commercial 
Residential 
Mixed use 
Industrial 
RuraWarm 
Recreational 
Unpopulated 

Only one category was assigned per segment based on a weighted average of the 
population density for each category. Specific population densities were then assigned to each 
category based on 2000 U.S. Census data. 

The high level for commercial, residential and mixed uses was set at 10,000 people per 
square mile based on statistics for California. Whle thx does not represent the absolute 
maximum possible density, it does represent a reasonable maximum over a 24-hour period and 
for any significant distance. Moreover, if the higher density is due to numbers of high-rise 
apartment or office building, not all levels will necessarily be impacted by an accident at or near 
ground level (i.e., elevated highway). 

The medium value of 3,000 in residential areas was increased to 5,000 in commercial 
areas to account for the increased density possible i n  office settings instead of homes, as a result 
of the smaller space requirements per person and a greater density of buildings themselves. 

Industrial areas generally have more open space surrounding buildings, and involve one- 
or two-story buildings. As a result, they were assigned a density of 2,000 per square mile - 
midway between the low and medium values for mixed use or residential. 
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Unpopulated areas were given a density of five people per square mile, to account for 
potential motorist population on the roadway. Recreational areas may see great variability in 
their population levels, depending on the season, the weather, the time of day, and whether it is a 
weekday or weekend. An average of 100 people per square mile has been used. 

II.A.7 Consequence Area (Eq. 2, 

When a spill occurs, the ammonia vapors travel away from the accident site and mix with 
surrounding air. This process is referred to as "dispersion," and the area occupied by the 
resulting plume is estimated with a dispersion model. The SLAB dispersion model developed by 
Lawrence Livermore National Laboratory (Ermak, 1989) was used to estimate the "consequence 
area," or the area affected by a spill. This model is widely used for consequence analyses, is 
available in the public domain, has been subjected to scientific peer review, and has been 
verified in several field experiments. A number of input variables are required to run this model, 
including spill characteristics, meteorological conditions, size of spill, and ammonia significance 
concentrations. Each of these variables is discussed below. 

Spill Characteristics 

The spill characteristics include release rate, spill area and spill temperature. Arthur D. 
Little's SuperChemsm model was used to estimate aqueous ammonia spill characteristics. This 
SuperChemsm spill model was used to calculate a time dependent solution of the 
evaporationboiling rate of liquid pools spreading symmetrically on flat surfaces. The spreading 
is based on conservation equations for incompressible fluid flow. Initially, the flow is dominated 
by gravity effects and at later stages by gravity-viscous effects. A heat balance is solved 
simultaneously with the spreading liquid to calculate pool temperature and liquid regression rate. 
The heat balance takes into account evaporative cooling, ground conduction, solar radiation, etc. 
The model also accepts time dependent volumetric flow rates, diking information, 
multicomponent spills and chemical reactions. The model was run to determine spill 
characteristics for a 19% aqueous ammonia solution. 

Meteorological Conditions 

The dispersion of ammonia is controlled by wind speed and atmospheric stability. These 
variables are inputs to the SLAB dispersion model discussed in Section 1.7. Meteorological data 
from the onsite monitoring station was used for the analysis. 

Size of Spill 

In evaluating the consequences of an aqueous ammonia spill, only large spills were 
~ 

considered in the modeling analysis for the meteorological conditions presented above. 
Therefore, it was assumed that the complete contents of the truck (7,500 gallons) would be lost 
over a 10-minute period following an accident. As noted previously, the probability of an 
accidental spill was adjusted to reflect only large spills. Small spills were excluded fiom the 
analysis based on the low consequences and risk associated with small spills of aqueous 
ammonia. 
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lI.B Ammonia Significance Concentrations 

Scenario Frequency 
(StabilityDKS) (percent) 

The affected area varies, depending on the concentration of ammonia (e.g., pprn). As 
noted earlier, we analyzed three types of consequences (injury, serious injury and fatality) based 
on three different concentration levels (75, 200, and 1,000 ppm, respectively). Our analysis 
llkewise reviewed three different concentration levels. Given the potentially long duration 
associated with an aqueous ammonia spill, the fatality level was modeled using a 60-minute 
exposure at a concentration of 1,000 ppm, which is also equivalent to the ERPG-3 level. 

II.C Area Affected By Release 

75 PPm 
Distance Area 
(m) (m2) 

The area that would be affected by an ammonia release, based on the SLAB modeling, is 
summarized in Table 2. The results are expressed in terms of downwind distance to a given 
concentration and the area of the plume that would exceed a given concentration over the 
corresponding averaging time. 

A2 
B2 
c 3  
D3 
E2 
F1 

3.46 298 4.02E+04 
6.62 556 8.13E+04 

12.75 745 1.03Ei-05 
41.1 1 900 1.14E+05 
27.27 980 1.2 1 Ei05 
8.79 2,463 3.68E+05 

142 1.32E+04 
277 2.82E+04 

4.16E+04 398 
445 3.95E+04 
492 4.58E+04 
1,023 1.02E+05 

BOUS Ammonia 
200ppm lOOOppm 

0 O.OOE+OO 
66 2.94E+03 
140 8.5 6E+03 
102 4.69E+03 
160 9.9 1 E+03 
264 1.56E+04 

U.D Risk AnalysisResults 

Based on our analysis, we present below three separate risk profiles. These three profiles 
illustrate societal risk from ammonia transportation associated with the project for three types of 
consequences: injury (based on the criterion of 75 ppm), serious injury (based on the criterion of 
200 pprn), and fatality (based on the criterion of 2000 ppm, modeled as 1800 ppm over 1 hour). 
The results of the risk analysis are plotted in Figures 2 through 4. (These figures plot the number 
of injuries, or Ng,i,k calculated from Equation Two, versus the probability that the accident will 
exceed a given ammonia significance threshold (Sec. Section 1.7.4), e.g., the probability of 
injury or Fg,l,k, calculated &om Equation One.) 

In evaluating the results of this risk analysis, we have reviewed both the exposure criteria 
typically used by the CEC staff as well as criteria used elsewhere. 

As noted at the beginning of this Appendix, two exposure criteria to establish the potential 
significance of risk: 
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A threshold of 1 in 100,000 for a risk of 10 exposures to the threshold of 75 ppm ammonia. 

A threshold of 1 in 1,000,000 for a risk of 100 exposures to the threshold of 75 ppm 
ammonia. 

Internationally, several governments have developed risk acceptability criteria. The 
United Kingdom Health and Safety Executive (UK HSE) and Netherlands Government have 
established risk guidelines and thresholds. These guidelines are generally accepted throughout 
the European Union. These guidelines have also been accepted by several U.S. governmental 
agencies such as the California Coastal Cornmission, California State Lands Commission, Santa 
Barbara County, and the South Coast Air Quality Management District. The risk profiles of 
ammonia transportation for the La Paz project have been plotted against these guidelines, 
referred to as the "Societal Rxk Guidelines", resulting in three risk regions. The first region is 
"De Manifestis," defined as an area of unacceptable risk. Risk in the De Manifestis area must be 
mitigated, under the Societal Risk Guidelines. The second region is the "Grey Region," where 
mitigation is required, based upon economic considerations. The third region is "De Minimis," 
where the risk is considered to be acceptable without mitigation. These bands are shown on all 
risk profile figures. 

As shown in Figure 2, the risk associated with ammonia transportation fi-om the La Paz 
project would be considered significant and unacceptable under the Societal Risk Guidelines 
summarized above. 

Figure 3 also indicates that La Paz project ammonia transportation risks would be 
considered significant for serious injuries. Under the Societal Risk Guidelines, additional 

I mitigation should be implemented. 

Finally, Figure 4 also indicates that La Paz project ammonia transportation risks would be 
considered significant for fatalities under the Societal h s k  Guidelines and would require 
additional mitigation to avoid potential fatalities. Given the relatively low volatility of aqueous 
ammonia, the formation of a large vapor cloud with concentrations exceeding fatality levels is 
rare, as demonstrated by the fatality risk profiles. 

II.E Potential Measures to Reduce the Risks of Ammonia Transportation Accidents 

This section discuses six measures that could be used to mitigate the risks identified in 
Section 2.0. These measures were quantitatively analyzed to determine their impact on the risks 
calculated in Section 2.0. 

Although the CEC does not have direct jurisdiction over some of the mitigation measures 
that we discuss below, it can require that the Applicant review and audit the policies, practices, 
accident hstories, and safety records of potential carriers and their drivers and select a supplier 
based on its record. Annual audits should also be required. 

The six different mitigation measures that were quantitatively evaluated are: 
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Improved Driving Hiring and Training, 

Improved Inspection and Maintenance, 

e W eekend/Daytime Deliveri es Only, 

Measures to Improve Trailer Design, 

Use of MC-33 1 Tank Trucks, 

Improv ed Emergency Responses . 

Table 4 lists these six measures, identifies the parameters in Equations One and Two 
affected by each measure, and indicates the percent reduction in each parameter for each 
measure. Each of these mitigation measures is discussed below. 

II.E.l Measures to Improve Driver Hiring and Training 

The truck carriers in their roles can implement a number _of potential risk mitigation 
measures in planning their trucking operations and in hiring and training drivers. The Applicant 

- can in turn impose contractual conditions and requirements on the carrier or ammonia supplier. 
These measures include, as examples, strict hiring policies, dnver training programs for 
familiarization with both the vehicles and the routing, programs to prevent drug use or alcohol 
abuse, and an on-board vehcle management system (VMS). 

The importance of the driver in safe transport operations is clear: over 60 percent of truck 
accidents, according to the most recent study by the Office of Technology Assessment are due to 
human error. Specific programs for hiring and training drivers have been developed and used by 
several trucking companies, both large and small. One example outlines the h n g  approach and 
the scope of a training program of a major hazardous material and bulk transportation company. 
This company has generally experienced truck accident rates substantially below (about one- 
half) the national average. 
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Another hiring process, which has been tested at several truclung companies, is the 
Henken Safety Evaluation Techmque developed by Dr. Bernard Henken. T h s  approach, based 
on personality profiles, is potentially applicable as both a diagnostic and therapeutic tool, aimed 
at weeding out unsafe drivers. At one of the test companies, accidents have reportedly been 
reduced by 75 percent over an eleven-year period. Currently, most companies are using the 
Department of Transportation (DOT) guidelines for h n g  whch do not require a rigorous 
screening of drivers. 

Similarly, the California Fertilizer Association (TFA") has implemented an anhydrous 
ammonia transportation safety program. The program trains and certifies dnver to safely 
transport anhydrous ammonia. Most major anhydrous ammonia distributors and local suppliers 
in California currently only hire certified carriers. The program is voluntary and is less common 
for aqueous ammonia. Therefore, requiring only CFA-certified carriers could reduce the risks of 
transporting aqueous ammonia to the project site. 

Familiarization with the vehicle and with the transportation routings provides information 
on handling of specific truck and trailer types and with specific routes and their alternatives, high 
risk segments, and safe parking areas for rest, fuel or food stops. Because of their size and 

-relatively high center-of-gravity, aqueous ammonia trailers require careful handling at turns and 
ramps to prevent overturning accidents, as an example. This information and behavior can best 
be learned "hands on'' during a training and indoctrination period with an accompanying 
experienced driver. 

A vehcle management system (VMS) monitors the truck speed, and together with 
appropriate speed limit policies by the truck carrier, can be an important measure to reduce the 
accident frequency and the likelihood of a release, given an accident. For example, one study 
showed that 14 percent of truck accidents involved excessive speed as a primary cause. 

Overall, based on the percentage of accidents due to poor dnver training, our estimate is 
that appropriate hiring and training programs and installation of a VMS would reduce the 
likelihood of highway accidents by as much as 30 percent compared to national trucWtrailer 
accident rates. The likelihood of releases, given an accident, would be reduced by as much as 
20 percent based on the distribution of accidents associated with poor driving. 

II.E.2 Measures to Improve Inspection and Maintenance 

Increases in truck inspections and improved maintenance procedures by truck carriers are 
measures that can significantly reduce the likelhood of highway accidents. Truck inspection and 
accident data compiled over a ten-year period (1976-1985) by the California Highway Patrol 
indicates a strong inverse relationship between inspections and accidents. Inspections for the 
1976-1 979 period averaged 27 per million vehicle miles while truck-at-fault accidents averaged 
86 per 100 million miles during t h s  period. For the 1980-1985 period, inspections increased to 
an average of 37 per million miles (a 37 percent increase), while accidents decreased to 59 per 
100 million miles (a 3 1 percent decrease). 

Similar results would be reasonable to expect from improved and more frequent 
inspection and maintenance procedures by the carrier. Additional benefits would result from 
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requiring visual inspection of trucks and tanks by the shpper prior to loading. The visual 
inspection would include checking for leaky valves, corrosion on tanks, dents or cracks on tank, 
etc. 

Overall, based on the percentage of accidents that result from poor truck maintenance, 
our estimate is that a thorough and timely inspectiodmaintenance program for the critical truck 
safety and operations systems would reduce the frequency of truck-at-fault accidents by 
30 percent, and the overall accident rate by 10 percent. ~ 

II.E.3 Measures to Restrict Deliveries to Weekends and Daytimes 

An evaluation of the data used to construct the risk profiles presented in Figures 2 
through 4 shows that a majority of the risk associated with aqueous ammonia transportation 
occurs in the Phoenix area during periods of poor dispersion (i.e., E and F stability classes which 
typicaIly occur at night). 

Modifymg the route to avoid high-density areas and modif*g the delivery time to avoid 
times when sensitive receptors are present or traffic is heavy can reduce population exposures. It 
is quite possible to modify project routes and deliveries to minimize the probability of potential 
accidents, as well as the population that would be exposed in the event of an accident. The 
vicinity of the ammonia supplier experiences substantially differing population densities between 
holidays, weekdays, weekdays off hours, and weekends. Daytime weekend and holiday ammonia 
deliveries would substantially reduce potential exposure to the surrounding population by more 
than 90 percent. 

II.E.4 Use of MC-331 Tank Trucks 

Accident consequences can be reduced by specifying a more rugged truck than the 
minimum required by law for aqueous ammonia. Tanks on trucks are designed to meet 
specifications issued in 49 Code of Federal Regulations (CFR). Aqueous ammonia is often 
transported in MC-307 tanks, while anhydrous ammonia is typically transported in MC-331 
tanks. For the reasons discussed below, I recommend that this be upgraded to an MC-33 1. 

MC-307 tank trucks typically have an 8,000-gallon capacity tank and are made out of 
aluminum steel or stainless. The MC-33 1 type containers, on the other hand, are designed for 
moving anhydrous ammonia. These tanks have greater wall thickness to accommodate the higher 
vapor pressures associated with anhydrous ammonia. T h s  measure has the potential to reduce 
the likelihood of a spill given an accident since the MC-33 1 truck is considerably stronger than 
the MC-307 currently used to move aqueous ammonia. 

This risk reducing measure is projected to reduce the likelihood of both small and large 
spills of aqueous ammonia given that an accident has occurred. Based upon hstoricalaccident 
data involving releases from MC-331s and MC-307s , it is projected that the probability of a 
small spill would be reduced by 17 percent, and the probability of a large spill would be reduced 
by 50 percent. 
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II.E.5 Measures to Improve Emergency Response 

Improved communication between the truck and the dispatch center can result in quicker 
response to an emergency. This can reduce the severity of the consequences of a release and can 
also help in evacuation of people, if needed, on a timely basis. (However, many of the events 
analyzed in this study do not provide adequate time for effective response.) 

Methods are now feasible for providing such improvements in communications by 
satellite-based systems. The Geostar system, for example, is currently operational and 
technologically feasible for use in transport systems. Another system, currently being developed 
under funding by the Gas Research Institute and NASA, is primarily focused on real-time 
detection of pipeline leaks and monitoring of rights-of-way, but could likely be utilized in a 
highway or rail transport system. Caniers that use these types of systems should be given 
priority over those who do not. 

The effectiveness of such a measure is difficult to quantify, but clearly would be 
- potentially beneficial in reducing the consequences of major release accidents, and in-providing 

emergency response information in the shortest possible time. However, for this analysis no 
reduction in risk was quantified. 
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II.F Results of the Mitigated Risk Assessment 

In estimating the effect of the various mitigation measures described above on ammonia 
transportation risk, the effect of each measure on various model inputs was determined and is 
listed in Table 5. The computer models were then rerun to estimate the absolute values of risk 
assuming the various mitigation measures. These new risk values were then compared with the 
base case risk values discussed in Section 2.0 to determine the relative changes in risk. While the 
absolute values of risk represent very conservative estimates, the relative risks are considered to 
be more reliable estimate of risk reduction. 

The following summarizes the four mitigation measures quantitatively analyzed and the 
resulting impact on risk: 

0 Improved hiring and training -- reduces the accident rate-by 30 percent and the spill 
rate by 20 percent. 

0 Increased inspections and-maintenance -- re-duces the accident rate by 10 percent, 

Transport only during weekend and holiday daylight hours --reduces the number of 
people potentially exposed by about 75 percent along the transportation routes. 
However, a larger storage capacity would be required at the La Paz facility because 
the weekend delivery volume would have to be roughly doubled. Alternatively, half 
of the loads could be delivered on weekend days and the other half on weekday mid- 
days when traffic is light. 

Using MC-33 1 trucks -- reduces the frequency of large spills by 50 percent and small 
spills by 17 percent. 

Figures 5 and 6 show the effectiveness of the five risk reduction measures summarized 
above. Adoption of the five measures would certainly reduce risk significantly. However, as 
shown in Figure 5, even if all five risk reductions are adopted, the risk associated with ammonia 
transportation would still be significant, based on the Societal Risk Guidelines: Under the 
Societal Risk Guidelines, the risk would still be in the “Grey Region” which would indicate that 
additional mitigation should be implemented if possible. However, if additional mitigation 
cannot be identified, potential impacts would be considered acceptable. This would imply that all 
four-risk reduction measures would need to be implemented. 

No risk profile has been presented for fatalities, since under the mitigated scenario, no 
fatalities were projected to occur (i.e., the risk model only calculated a fiaction of an individual 
fatality). While fatalities are still possible under the mitigated scenario, the probability of a 
fatality is lower than the criteria used to classify risk (ie., the expected number of affected 
individuals is well less than one). 
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37 



E-02 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . .  

E-03 

. . . . . . . . . . . .  

E-04 .. 
.................. -. .... _ .................. -. . 

E-05 

E-06 
1 

. . .  -. ........ ....... 
. . . . . . . . . . . . . . . . . . . . . . . . . .  ,. . 

. .~ . . . . . . . .  . .  - - . ' ................................ 

. . . . . . . . . . . . . .  

10 

- . ._ . . . . .  

I -  19% Aqueous Ammonia 

100 

Number of Injuries (N) 

..... ...................... __ ..... 

I 

- 

....... 

........ 
..... 

. .  

. . . .  

........ 

-. . 

... 

. *  
....... 

......... 

i 

1000 

Figure 3 Transportation Serious Injury Risk Profile 

38 



E-02 

E-03 

E-04 

E-05 

E-06 

E-07 

E-08 

. .... . .. .. ... . .. 

1 10 100 

Number of Fatalities (N) 
1000 

Figure 4 Transportation Fatality Risk Profile 

39 



E-02 

E-03 

E-04 

E-05 

E-06 
1 10 100 

Number of Injuries (N) 
1000 

Figure 5 Mitigated Transportation injury Risk Profile (75 ppm Criteria) 

40 



E-02 

- - - -Unmitigated 19% Aqueous Ammonia 

E-03 

E-04 

E-05 

E-06 
1 10 100 

Number of Injuries (N) 

i 

1000 

Figure 6 Mitigated Transportation Serious Injury Risk Profile 

111. Proposed La Paz Project Ammonia Storage Facilities May Pose a Significant 
Risk 

The Applicant has indicated that they intend to utilize two 12,000 gallon ammonia 
storage tanks. These vessels would be surrounded by a containment dike "....of adequate 
height to contain 15% of the volume of the tank(s)." (Allegheny Response to AZURE 
Data Request 37.) This containment system is not adequate to protect the public in the 
event of an accidental spill from the ammonia storage tanks and is not consistent with 
existing codes regarding the containment of hazardous materials. 

Several measures can be implemented to reduce the risk associated with the storage of 
aqueous ammonia as discussed in the following sections. 
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I1I.A Buried Ammonia Storage Tank 

A subsurface ammonia storage tank would essentially eliminate the risk 
associated with an ammonia storage vessel failure. First, subsurface soil temperatures 
surrounding the underground storage tank would keep aqueous ammonia temperatures 
relatively cool, even during periods of hot weather. This ability to keep temperatures 
cool would significantly reduce the aqueous ammonia vapor pressure. Small releases 
would be detected by a leak detection system, thus minimizing the potential for a larger 
release. Routine maintenance and internal inspection would detect vessel corrosion and 
integrity problems. Second, the likelihood of a catastrophic release would be minimized 
since the surrounding soil would effectively protect the vessel fi-om external forces, such 
as projectiles. Third, the surrounding soil would absorb any released ammonia, 
preventing its release into the atmosphere. 

Overall, the consequences -associated with a vessel failure would be reduced by 
more than 90 percent due to reductions in aqueous ammonia vapor pressure and 
decreases in the volume of ammonia that would reach the atmosphere. The probability of 
a large release would also be reduced due to protection fi-om external forces. 

1II.B Improved Ammonia Vessel Design 

The Applicant proposes to use a single-walled vessel. One measure that could be 
taken to nearly eliminate potential releases from the storage vessel would be to use a 
double-walled vessel. The effectiveness of double-walled containment is well known and 
has been demonstrated to significantly reduce the probably of an accidental release. 
Typically, sensors are placed in the annular space between the inner and outer shells of 
the double-walled vessel to detect leaks in the inner shell. Further, double-walled 
containment has been required for several recently licensed projects in California, 
including the Sutter, Delta, Pastoria, Los Medanos, and High Desert powerplants. 

The use of a double-walled vessel would effectively reduce the probability of a 
release by the square of the single-walled failure rate for most release events (e.g., 
corrosion, material defect, etc.), since a failure of one wall would not result in a release. 
A doublezwalled vessel also significantly reduces potential failures due to external forces. 
Overall, the failure rate for a double-walled vessel would be approximately three orders 
of magnitude lower than for a single-walled vessel based on the near elimination in the 
failure modes noted above and a significant reduction in damage due to an external event. 

1II.C Improved Ammonia Vessel Enclosure 

Placing the ammonia vessels in an enclosure would minimize the potential for 
ammonia releases to the atmosphere. For enclosure to be effective in preventing ammonia 
releases to the atmosphere, a scrubber should be required on the enclosure vent stack. 
Whle this would not be as effective as a double-walled vessel due to the potential failure 
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of the scrubber being greater than the secondary vessel wall, it may represent a more 
cost-effective solution than a double-walled vessel. 

Other options are preferable because, depending on the level of maintenance and 
testing of the ammonia detectors and scrubber, it is possible that the scrubber would not 
activate. Based on previous studies of scrubber reliability and effectiveness, it has been 
estimated that there is a one in one hundred chance that the scrubber system would either 
fail to detect the ammonia release or fail to activate on demand. Therefore, the 
effectiveness of a scrubber in preventing an atmospheric release of ammonia was 
assumed to be two orders of magnitude lower than the baseline scenario (i.e., single- 
walled vessel with no scrubber), and about an order of magnitude higher than the failure 
rate for a double-walled vessel. 

1II.E Suggested Mitigation Measures 

At a minimum, the CEC should require the following measures to ensure that 
accidental aqueous ammonia spills are contained onsite: 

1. The aqueous ammonia storage facility shall be designed to either the ASME Pressure 
Vessel Code and ANSI K61.6 or to API 620. In either case, the storage tank shall 
either be buried or be protected by a secondary containment basin and enclosed in a 
structure equipped with a scrubber capable of reducing scrubber exhaust ammonia 
levels to less than 75 ppm. Alternatively, the aqueous ammonia storage facility could 
utilize a double-walled storage vessel designed to either the ASME Pressure Vessel 
Code and ANSI K61.6 or to- API 620. The storage tank shall be protected by a 
secondary containment basin capable of holding 150% of the storage volume plus the 
volume associated with 24 hours of rain assuming the 25-year storm. 

- 

2. The project owner shall provide a covered secondary containment basin to passively 
contain any spill during the delivery of aqueous ammonia to the storage facility. The 
enclosure shall be equipped with a scrubber capable of reducing scrubber exhaust 
ammonia levels to less than 75 ppm. 

Implementation of these measures would substantially reduce potential hazards 
associated with the onsite storage of aqueous ammonia. 

43 



Steven R. Radis, M.A., Principal 
Global Environment & Risk Practice 

Arthur D. Little, Inc. 
3916 State Street, Suite 2a 
Santa Barbara, California 
93105 ~ 

Qualifications: 

Mr. Radis is a Principal in Arthur D. Little's Santa Barbara office. His expertise includes 
meteorological modeling and analysis, consequence and risk analysis, fire and explosion 
dynamics, hazard evaluation, external events analysis, fault tree analysis and model development. 
Mr. Radis joined Arthur D. Little, Inc. in 1990. 

Prior to joining Arthur D. Little, hc. ,  Mr. Radis worked for Dames & Moore as a Senior 
Meteorologist, Radian Corporation as an Atmospheric Scientist, Southern California Edison 
Company as a Research Meteorologist and California State University, Northridge as a technical 
assistant. He has more than seventeen years of numerical modeling experience and over 21 years 
of experience in conducting meteorological and climatological studies. 

Mr. Radis has worked on a wide variety of studies- for commercial and government clients 
involving meteorological modeling, quantitative risk assessments, health risk assessments, 
consequence analysis, risk management, air quality modeling (inertlphotochemical. pollutants, 
toxic air contaminants) and environmental impact reports/statements. 

0 Mr. Radis has participated in several power plant certification projects in the areas of air 
quality, public health and hazardous materials. These projects included numerous 
Applications for Certification and Small Power Plant Exemptions for projects such as: 
Sycamore, Omar, Midway Sunset, Hanford, U.S. Borax, Santa Maria Aggregate, AES 
Placertia and several others. Mr. Radis has also prepared air quality, public health and 
hazardous materials analyses for most generating stations formerly operated by Southern 
California Edison and San Diego Gas and Electric. 

For a large Southem California utility, Mr. Radis evaluated the feasibility and system safety 
of converting a fuel oil pipeline distribution network into a regional crude oil and petroleum 
product storage and distribution system. An analysis of safety and environmental issues was 
prepared for the California Public Utilities Commission and the South Coast Air Quality 
Management District. Both agencies approved the conversion project whch is now operating 
at full capacity. An expansion of the pipeline system is currently being evaluated to increase 
overall system pipeline throughput capacity, as well as to accommodate unit train and VLCC 
tanker deliveries. 
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e For the Center for Chemical Process Safety (CCPS) of the American Institute of Chemical 
Engineers (AIChE), Mr. Radis co-authored a book entitled Guidelines for Postrelease 
Mitigation Technology in the Chemical Process Industry. As part of this effort, Mr. Radis 
quantitatively evaluated the effectiveness of a variety of mitigation technologies. 

e 

As part of an Environmental Impact ReporL'Statement, Mr. Radis prepared a dispersion 
modeling analysis and health risk assessment of potential remedial alternatives for the Unocal 
Avila Beach Cleanup Project. This dispersion modeling and health risk assessment included 
the evaluation of acute and chronic health hazards associated with site contamination and a 
variety of cleanup strategies includmg air sparginghioventing, solidificatiodstabilization, 
solvent flooding, steam stripping, excavation, and thermal desorption. Leaking Unocal 
Marine Terminal pipelines have resulted in approximately 400,000 gallons of petroleum 
hydrocarbon contamination beneath the town of Avila Beach and the adjacent beach and 
intertidal zone. Mr. Radis also served as the Project Manager for the preparation of the 
Environmental Impact ReportfStatement. 

e 

e 

Mr. Radis prepared a multipathway health risk assessment of the Lone Star Cement Kiln Dust 
Disposal Site to evaluate onsite and offsite health risks. As partof this project, Mr. Radis 
developed a model to evaluate fugitive dust emissions, dispersion, and particle deposition. 
T h s  model evaluated fugitive dust emissions based on site-specific soil characteristics such 
as soil moisture, particle size distribution, particle adhesion characteristics, and particle 
aerodynamic behavior. The results of the dispersion and deposition modeling analyses were 
used in a multipathway health risk assessment to evaluate potential health risks associated 
with baseline conditions and a wide variety of remedial alternatives. The analysis also 
evaluated the effectiveness of several interim dust control strategies, such as the use of 
chemical dust suppressants. 

As part of an Environmental Impact ReporVStatement, Mi.  Radis prepared a dispersion 
modeling analysis and health risk assessment of potential remedial alternatives for the Unocal 
Guadalupe Oil Field Remediation and Abandonment Project. This dispersion modeling and 
health risk assessment included the evaluation of acute and chronic health hazards associated 
with site contamination and a variety of cleanup strategies including air sparginghioventing, 
hot water and steam flooding, excavation, and thermal desorption. The Guadalupe Oil Filed 
has been contaminated with between eight and 40 million gallons of diluent, which is a 
petroleum hydrocarbon similar to diesel fuel that was injected into production wells for 
enhanced crude oil recovery. Mr. Radis was also responsible for the evaluation of worker and 
public safety associated with site remediation and abandonment activities. 

Mr. Radis has been involved in the preparation of Environmental Impact Reports/Statements 
for a wide variety of facilities including power generating facilities (coal, fuel oil, natural gas, 
geothennal, hazardous waste), hazardous waste disposal facilities (chemical and nuclear), 
crude oil and natural gas transmission pipelines and distribution networks, oil and gas 
development projects, and military development or conversion projects. Mr. Radis has 
managed a majority of these projects and was also responsible for the system safety, public 
health, and air quality issue areas. 



Mr. Radis prepared a health risk assessment to evaluate remedial alternatives for the Chevron 
Pond Closure Project in Richmond, California. The Chevron settling ponds contained a wide 
variety of pesticides and contaminated soil. A coupled fugitive dust emission and dispersion 
model was applied to evaluate soil and meteorological-specific particle suspension and 
dispersion. 

Mr. Radis prepared an analysis potential health risks associated with various landfill gas 
disposal options for the Simi Valley landfill. This analysis evaluated potential air quality 
impacts and health risks associated with the landfill gas recovery collection and disposal 
systems. An evaluation of different landfill gas disposal alternatives, including venting, 
flaring and energy generation, were evaluated. 

Mr. Radis prepared an analysis potential health risks associated with various landfill gas 
disposal options for the BFI Sunshine Canyon landfill. This analysis evaluated potential air 
quality impacts and health risks associated with the landfill gas recovery collection and . 

disposal systems. 

Mr. Radis has been involved in the preparation of Environmental Impact ReportdStatements 
for a wide v&ety of facilities including power generating facilities (coal, gas, geothermal, 
hazardous waste), hazardous waste disposal facilities (chemical and nuclear), crude oil and 
natural gas transmission pipelines and distribution networks, oil and gas development 
projects and military development or conversion projects. Mr. Radis managed several of 
these projects and was also responsible for tke system safety, public health, air quality and 
noise issue areas. 

Mr. Radis has prepared health risk assessments for a variety of facilities including power 
plants, oil and gas projects, hazardous waste sites (both State and Superfund listed sites), 
chemical milling facilities, the mining industry and waste disposal sites. 

Mr. Radis has worked on the development of several models including the development or 
revisions to several accidental release models, an oil spill model, a multi-component pool 
model, atmospheric diffusion models, an integrated human exposure and health risk 
assessment model, and several meteorological models. 

For four Local Emergency Planning Committees (LEPCs) in Alaska, he helped develop 
emergency response planning procedures through the preparation of a comprehensive 
regional hazard and risk analysis. 

Mr. Radis has conducted more than 50 offsite consequence analyses as p&of California’s 
Risk Management and Prevention Program (RMPP) in addition to managing the preparation 
of more than a dozen RMPPs. 

For the Cities of Los Angeles and Vernon, Mr. Radis has served as an expert reviewer of 
Risk Management and Prevention Programs (RMPP). 
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Mr. Radis has conducted system safety and reliability studies for several oil and gas projects 
for the County of Santa Barbara. These studies included hazard identification, external event 
and offsite consequence analyses. Quantitative risk assessments were prepared for several of 
the projects. 

For a large engineering company, Mr. Radis prepared a quantitative risk assessment for a 
liquefied natural gas (LNG) marine terminal and power plant project in Puerto Rico. The 
project included conducting a hazard assessment, fault tree analysis, consequence analysis 
and quantitative risk analysis. An analysis of external events that could potentially affect the 
proposed facility was also conducted. 

Mr. Radis conducted accident investigations and numerical simulations of the consequences 
related to two different refinery explosions and resulting fires (confidential clients). 

For a Texas-based law firm, MI. Radis prepared an analysis of external events and provided 
expert testimony to the Texas Water Commission related to the safety of a hazardous waste 
disposal facility proposed for-the Houston Shp  Channel. This study included a review of past 
external events in the region and centered on hunicane, tornado and storm surge hazards. The 
study required the development of a wind field model to simulate hurricanes passing over the 
site and to estimate potential maximum wind speeds and wind load on the proposed 
equipment. 

Mr. Radis has conducted oil spill modeling simulations for several oil and gas projects in 
California. These analyses included the simulation of multicomponent land based spills, 
spills to rivers and creeks, as well as ocean and harbor spills. 

For several power generating projects and oil and gas facilities, Mr. Radis has conducted 
photochemical modeling simulations to assess potential impacts on regional air quality. 

Mr. Radis eamed an M.A. and B.A in Climatology fiom California State University, Northridge. 
He is a member of the American Meteorological Society, and the Air and Waste Management 
Association. He has also periodically served as a guest lecturer at the University of California 
Santa Barbara in the areas or meteorology and atmospheric diffusion modeling. 
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DECLARATION OF STEVEN R. RADIS 

I, Steven R. Radis, declare as follows: 

1. I prepared the attached analysis of environmental impacts of the 

proposed La Paz Generating Facility in La Paz County, Arizona, based on my 

independent review and  my professional experience and  knowledge. 

2 .  It is my professional opinion that the analysis is valid and 

accurate with respect to the issue(s) addressed therein. 

- 3. I a m  personally familiar with the facts and conclusions related 

in the  analysis, and if called as a witness could testify competently thereto. 

4. A copy of my professional qualrEications and  experience is 

attached hereto and incorporated by reference herein. 

I declare under penalty of perjury that the foregoing is t rue  and correct 

to the best of my knowledge. 

Dated: 16 October 2001, at Santa Barbara, California: 

Steven R. Radis 
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TESTIMONY OF SCOTT TERRILL, Ph.D. 

I have reviewed the biological sections of, and relevant materials associated with, the 
application submitted to the Arizona Power Plant and Transmission Line Siting 
Committee by Allegheny Energy Supply Company, LLC (Docket No. L-OOOOOAAO 1 - 
01 16) for the Natural Gas-fired Generating Facility, Gas and Water Pipelines and 
Transmission Lines, La Paz County, Arizona (the Application). 

I am a vertebrate ecologist with a B.S. and M.S. in Zoology fiom Arizona State 
University and a PhD in Biology (Avian Ecology) from the State University of New York 
at Albany. I am currently Vice President, Wildlife Division Head and Senior 
Ormthologist for H.T. Harvey and Associates, Ecological Consultants. My 
approximately 30 years of professiond-experience includes 7 years of ecological 
research, surveys, and associated studies throughout Arizona fiom 1974- 198 1. H.T. 
Harvey and Associates Biologists have been working on assessing impacts of, and 
mitigations for, operations of evaporation basins in arid environments for over a decade 
now. I have been the project manager, or principal, on those projects since 1992. 

The AppIication proposes the use of evaporation basins to dispose of groundwater used 
to cool the facility. Based on water quality data in the Application and documented 
impacts on wildlife from elevated selenium levels in evaporation basins, the operation of 
such basins should be considered a potential significant impact. 

Bioaccumulation of Toxins from Evaporation Ponds Imparts Wildlife 

Our experience with the issue spans over a decade of work on agricultural drainwater 
evaporation basins in California. Evaporation basins have been used to drain salt-laden 
soils in areas of high ground water in the southern San Joaquin Valley for several decades 
now (Gordus et al. 1996). This drainage has been necessary to achieve productive 
farming in the naturally saline soils associated with various areas of the San Joaquh 
Valley. Because there is no exit outlet for water that flows into the southem San Joaquin 
Valley, evaporation basins were adopted as the method for disposing of saline drainwater 
(Tanji and Dahlgren 1990). 

The original intent of the resource agencies was to use these evaporation basins to 
provide habitat for birds and other wildlife (Schuler 1987). However, the now infamous 
situation at Kesterson Reservoir, in which birds breeding at the reservoir were 
significantly reproductively impaired by elements, most notably selenium, in the water, 
has radically changed that approach. In addition to the Kesterson Reservoir, Skorupa 
(1998) presents 11 other examples of selenium poisoning of fish and wildlife in nature. 

Chemicals bioaccumulated through the food chain represent the greatest known potential 
threat to wildlife using evaporation ponds. Selenium has been the chemical of primary 
concern in field and laboratory studies and continues to be the chemical monitored to 
assess impacts and mitigation requirements at evaporation basins in the southern San 
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Joaquin Valley. The primary pathway for selenium poisoning in birds is dietary. 
Waterborne selenium is up taken by plants, which, in turn, are consumed by some 
species of waterbirds and by various invertebrates, which are also consumed by birds 
(and other vertebrates). The process of transfer of biomass containing selenium up the 
food change results in tissue bioaccumulation of selenium (Ohlendorf et al. 1990). 

Selenium has been experimentally demonstrated to cause reduced viability, hatchability 
and overt embryonic teratogenesis in birds (e.g., Ohlendorf 1989, Skorupa and Ohlendorf 
1991). Although selenium has been the primary contaminant of concern, boron and other 
constituents (including salinity) may reduce the hatchability of eggs produced by birds 
consuming contaminated foods. Further, contaminated foods may reduce the growth and 
survival of young birds. - 

The majority of the impacts known to be associated with selenium in evaporation basin 
systems appear to be related to reproduction and development. Thus, Gttle is known 
about potential effects outside the breeding season, although saline water can encrust 
feathers and lead to mortality when temperatures drop in Winter. 

Evaporation Basins Attract Wildlife 

There is ample information to indicate that the proposed evaporation basins would attract 
birds. Water basins in arid environments, including the Arizona deserts, are extremely 
attractive to birds. Sewage-treatment-plant ponds, sugar beet processing ponds, golf 
course ponds, etc., are well known for their attractiveness to birds (e.g., see coverage of 
such areas in the Phoenix region in Witzeman et al., 1997). A number of species breed 
at such areas in Arizona. Such species include shorebirds such as the Black-necked Stilt 
(i4irnantopu.s mexicanus) and Killdeer (Charadrius vociferus) and various waterbirds, 
including grebes, ducks, herons, etc. In addition, bodies of water in Arizona are utilized 
as migratory stopover sites for resting and feeding by a diverse assemblage of migratory 
birds, often in relatively large numbers (Monson and Phillips 1981). Finally, the areas 
also host wintering waterbirds, including many species of waterfowl, shorebirds and 
other species. 

Thus, avian-use patterns of water basins in arid environments, coupled with the potential 
for accumulation of various salts, notably selenium, concentrated in ground water, 
provide conditions for potential significant biological impacts. 

The Proposed Evaporation Ponds Would Likely Contain Selenium Levels In Excess 
of Acceptable Risk Thresholds 

Skorupa (1998), in reviewing 12 examples of selenium poisoning in nature, concludes 
that toxic risk to fish and wildlife populations to be associated with <5 pg L (5 ppb), the 
United States Environmental Protection Agency (EPA) fieshwater chronic criterion, 
selenium in impounded water. Given that selenium levels in groundwater samples 
presented in Table B-3.2, p. B-3-15 in the Application, reach 4.5 ppb, it is likely that 
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levels will be substantially higher in water concentrated by the cooling and evaporation 
process. Concentration via cooling and evaporation could well result in substantially 
elevated selkium levels. 

There is significant interspecific variability in the sensitivity of various avian species to 
selenium. However, Skorupa and Ohlendorf (1991) estimated, based on a regression 
analysis, that the selenium-risk threshold for waterbirds based on waterborne selenium to 
be < .5 ppb for background, 2.7 ppb for hatchability effects, and 12 ppb for teratogenesis 
(embryonic deformity). Teratogenesis is a relatively severe response and therefore 
analysis of egg viability has been proposed aS a more sensitive estimate of the exposure 
threshold for reproductive toxicity (Skorupa 1998). Based on the largest study 
undertaken on selenium impacts on avian reproduction and survivorshp, which utilized 
data fiom the San Joaquin Valley evaporation basins, Skorupa (1998) found an estimated 
toxicity threshold for Black-necked Stilts of 4 ppb selenium in impounded drainage water 
and a threshold is somewhat higher than that for the closely related American Avocet. 
However, he also found that thresholds in dabbling ducks appear to be approximately 
half of the stilt threshold. Negative effects of elevated selenium are not limited to birds, 
but impact many taxa. The EPA estimation of the highest concentration of selenium in 
surface wafer to which an aquatic community can be exposed indefinitely without 
resulting in an unacceptable effect is 5 ppb. 

Based on the available information concerning the groundwater quality and research on 
impacts of elevated selenium at evaporation systems similar to the one proposed for La 
Paz County, I conclude that there is a relatively high potential for significant impacts to 
wildlife. 

Mitigation Should Be Required 

In our interactions with the resource agencies over evaporation basin issues, The United 
States Fish and Wildlife Service (the Service) has considered reproductive impacts to 
birds breeding at the basins containing elevated levels of selenium as a significant 
environmental impact under NEPA and a violation of the Migratory Bird Treaty Act. 
Thus, the Service’s position has been to eliminate impacts or require mitigation for the 
operation of ponds with elevated levels of selenium. 

One possible approach to avoid the potential for these impacts is to render the 
evaporation system unattractive or unusable by birds and other Wildlife. For example, 
concrete tanks with screen covers, if feasible, would represent such an approach. 
Another approach would be to eliminate the water by means other than evaporation 
basins. 

If alternatives to evaporation basins are determined infeasible, and ponds are used to 
d q o s e  of cooling water, the water should be monitored for constituents, including salts, 
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as well as use by wildlife. If relevant salts exceed thresholds a d  birds and other wildlife 
use the ponds, mitigation for impacts to wildlife should be implemented. 

The United States Fish and Wildlife Service has been extensively involved in the San 
Joaquin Valley situation since K e s t a o n  The Service and other resource agencies have 
adopted a number of impact reductiodmitigation programs to address selenium 
concentrations. These include (1) reducing the attractiveness of the sites to breeders 
(primarily recurvirostrids at these sites), coupled with (2) daily aggressive hazing 
throughout the breeding season, in combination with (3) provision of fieshwater 
alternative wetlands located within the functional landscape of the ponds.. If it is 
determined that residual significant impacts are still occurring after these steps are 
adopted,, compensation habitat is provided off site. 

The basins in the San Joaquin Valley have been reconfigured to greatly reduce nesting 
by recurvirostrids (the American Avocet, and Black-necked Stilt) and other species (we 
have been able to reduce nesting to zero in some years at some ponds). Nevertheless, the 
basins still typically receive some use by these and other shorebirds (even with extensive 
hazing). A difficulty with reconfiguring the ponds to reduce the attractiveness to one 
guild of species (e.g., making the ponds deeper, with steep sides and flat bottoms to 
discourage shorebird use) is that this increases the attractiveness to other groups (e.g., 
grebes, ducks, gulls, terns). It should be noted that saline water can be quite productive 
(brine shrimp, brine flies etc.) and this situation makes it very difficult to eliminate 
overall avian use of these sites. 

We consistently find much higher numbers of birds nesting at the alternative wetlands 
than at the evaporation basins under this system. Although birds likely feed at both 
evaporation basins and the adjacent fieshwater alternative wetlands, egg-selenium results 
collected for nearly ten years indicate that the presence of the fieshwater habitat 
significantly reduces overall selenium uptake in these birds. 

Based on our experience, impacts to birds at evaporation basins can be greatly reduced, 
but not eliminated, by adopting the above approach. The only way to eliminate impacts 
entirely would be to cover the ponds and make them inaccessible (assuming that the 
water is not sterile due to extreme salinity). 

Of course, if ponds do not contain potentially h@ levels of constituents, they do not 
pose a threat to wildlife. If data on quality of water cycled through the cooling and 
evaporation basin process indicate that constituents do not represent a potential impact to 
Wildlife, then a water-quality monitoring program could be implemented to ensure that 
constituents remain under risk thresholds. Appropriate agencies should be contacted on a 
regular basis for threshold values, as they can be dynamic based on new research. If the 
water does exceed thresholds, and alternatives to open evaporation basins are not 
feasible, then a mitigation plan such as the approach outlined above could be 
implemented. 
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Potential Off-site Impacts to Habitats 

The Application concludes that emissions from the La Paz Generation Facility will not 
result in any hamful effects on soils or vegetation. However, the potential for adverse 
impacts to habitat, as a result of plant generated air pollution, for desert tortoise and other 
species as been raised as an issue associated with another proposed natural gas power 
plant (California Energy Commission 2001). Monitoring and experimental data 
demonstrate that air pollution, especially nitrogen and carbon compounds, represent a 
serious problem with respect to &e desert biotic communities and the species associated 
with them (see California Energy Commission 2001 and references contained therein). 

I recommend a more detailed analysis of the potential off-site impacts to habitats, not 
only as a direct result of the operation of the plant, h t  on a cumulative basis in the region 
of the proposed facility. 

Avian Mortality As a Result of Collisions with Conductors 

Although the Application acknowledges that birds, including raptors such as eagles and 
hawks “could be injured or killed by colliding with conductors of the proposed 
transmission line interconnect” it determines that the proposed project would not result in 
adverse impacts on the biological wealth within the area. “here has been rising concern 
about the loss of birds due to collisions with power lines (California Energy Cornmission 
1995). Large birds, such as raptors are more prone to strike Wires than smaller species, 
although mortality as occurred across a wide spectrum of species. Raptors are, for the 
most part, top level predators. As such, they are relatively scarce and protected. Direct 
mortality of raptors stnking the wires would represent a significant impact. Thus, I 
recommend that mitigation to reduce the probability of bird-strikes be incorporated into 
the project. - 
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Testimony of David Marcus 

Q. Please state your name and business address. 

A. My name is David Marcus. My business address is P.O. Box 1287, Berkeley, 
California 9470 1-1287. 

Q. By whom are you employed and in what capacity? ~ 

A. I am an independent energy consultant. I have been hired by the Arizona Unions for 
Reliable Energy (AZURE) to prepare testimony on their behalf in this docket. 

- 

Q. Please briefly describe your background, education and work experience. 

A. I received a B.A. in Mathematics &om the University of California at Sm Diego in 
1973 and an M.A. in Energy and Resources from the University of California at Berkeley 
in 1977. Prior to becoming an independent consultant I worked for fhe Bechtel Power 
Corporation as a scheduling engineer on a nuclear powerplant, for the California Energy 
Commission as a policy analyst and as an advisor to a Commissioner, and for the 
Environmental Defense Fund (now Environmental Defense) as an energy economist. I 
have been self-employed on a full-time basis since 1985. My clients have included a 
variety of alternative energy developers, environmental groups, electric utilities, unions, 
the Navajo Nation, the Attorneys General of California and New Mexico, and others. I 
have testified as an expert on energy matters before the California Energy Commission 
the public utility commissions of California, New Mexico, and Colorado, and before the 
U.S. Congress. 

Q. What is the purpose of your testimony? 

A. The purpose of my testimony is to rebut various incorrect andor misleading assertions 
in the testimony of Donald L. Mundy regarding the need for the La Paz project. 

Q. Please summarize your testimony with regard to errors in Mr. Mundy’s testimony 

A. Mr. Mundy fails to adequately distinguish between load growth in Arizona and load 
growth in the WSCC Arizona/New Mexico/Southern Nevada subregion. He thereby 
significantly overstates projected Arkona load growth. On the supply side, Mi. Mundy 
relies on out-of-date information from the WSCC regarding anticipated new generation, 
and thereby understates projected new generation. Mi. Mundy understates the level of 
generation already approved by the ACC for construction in Arizona, and overstates the 
likely cancellation rate for pending Arizona generation projects, leading him to understate 
the likelihood that already approved projects will more than meet Arizona’s reliability 
needs, Mr. Mundy conflates load growth through 2009 with generation proposals through 
2007, further understating the degree to which a generation glut is already developing in 
Arizona 
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Q. Please summarize your own conclusions with regard to the contribution of the 
proposed La Paz project ta providing reliable electricity supplies to Arizona. 

A. The electric sector is in a time of intense change and stress, as is the whole nation. 
New powerplants take only about 2 years to construct, once licensed. Licensing 
powerplants today which will not be needed until 2008 or later forecloses opportunities 
for cleaner generating technologies or better emissions controls from future technological 
progress. The La Paz project developer has made no commitment to selling the project 
output for use by Arizona consumers. To the extent that the La Paz project output will be 
contractually sold outside of Arizona, it will make no contribution to Arizona reliability. 
On the other hand, if all generation located physically within Arizona is to be deemed as 
contributing to Arizona reliability, then the 5735 Mw of projects currently under 
construction will be sufficient to meet all of Arizona’s load growth for a decade. It is 
unreasonable to think that there will be any significiht cancellation rate among projects 
which are already under construction. In addition, there are another 430W Mw of 
projects which the ACC has already approved, at least one of which is located in a 
transmission-constrained area and thus will provide local benefits that Allegheny’s 
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Q. Please summarize your own conclusions with regard to the contribution of the 
proposed La Paz project to providing reliable electricity supplies to the larger region? 

A. Arizona is part of the WSCC’s Arizona/New Mexicohouthem Nevada subregion. 
Within that subregion, the WSCC forecasts peak firm load growth of 6957 Mw from 
2001 to 20 10. The Arizona, New Mexico and southern Nevada projects already under 
construction for operation in the next 30 months total over 7600 Mw. So projects under 
construction are already enough to carry the region through the decade,, without even 
counting any of the 4300 Mw already licensed by the ACC but not yet in construction, or 
the over 8000 Mw of southern Nevada and New Mexico projects currently in - 
development which are not yet under construction, or any of the other 500W Mw of 
Arizona projects currently before the ACC. The region, like the state, already has more 
than enough projects under construction to meet load growth for the next decade. 

Q. You state that you believe Mr. Mundy has not distinguished between load growth in 
Arizona and load growth in the WSCC subregion containing Arizona. Please explain. 

A. Mr. Mundy refers to a projected growth rate of “3.6% per year over the next 10 years” 
and deduces from this a need for “regional generating facilities adequate to serve at least 
700 Mw of new electrical load annually.”’ Besides being factually inaccurate: Mr. 

I Mundy testimony, p. 5. 
The 3.6% per year figure comes Eom an October 2000 WSCC document, and represents average annual 

load growth for the ArizonaMew Mexico/Southern Nevada region  om 1999 until 2009, not “the next ten 
years”. See httD://www.wscc.comifles/tenvrOO.rAf, p. 28. In its August 2001 update of th~s annual 
publication, the WSCC estimates load growth for the ArizonafNew MexicoISouthemNevada subregion in 
2001-2009 at 3.1 percent per year, dropping to 3.0 percent per year for the 2001-2010 period. See 
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Mundy ignores the fact that Arizona is only part of the WSCC subregion to which he is 
referring. Lf Mi-. Mundy means to say that the whole subregion will experience load 
growth of 700 Mw per year for a decade, then he should expand his analysis of 
generation development to include the whole subregion as well as the whole decade. 
Doing so would mean addressing the contribution of the 7950 Mw now in development 
in southern Nevada and the additional 2336 Mw in development in New Mexicq3 of 
which over 1930 Mw are already in con~truction,~ and also the 920 Mw increase in 
regional resources during the year 2000.5 

On the other hand, if Mr. Mundy is confining his analysis to Arizona, consistent 
with his supply-side testimony, then 700 Mw per year overstates forecasted future load 
growth in Arizona. In 2000, the WSCC subregion peak load was 21,724 M w . ~  Nevada 
Power and Public S d c e  Company of New Mexico had peak loads in 2000 of 4325 Mw 
and about 1400 Mw, re~pectively.~ So Arizona represents only about 70-75 percent of the 
regional load, or about 500 Mw per year of load groWh based on Mr. Mundy’s figures.*_ 

Q. You state that Mr. Mundy has understated proposed new generation and ACC- 
approved generation. Please explain. 

A. Mr. Mundy asserts that there are “about 15,000 Mw” that are not yet operating but are 
“publicly announced, are in some s t a  e of the CEC process, have completed the CEC 
process, [or] are under construction.” Mi. Mundy’s 15,000 Mw could include projects 
which exist only as press releases, and projects which are under construction and only 
months away from completion. He doesn’t provide an actual list, so it’s hard to say. But 
the California Energy Commission has published a list of specific Arizona generation 
projects which includes 21,275 Mw of not-yet-operating projects.” The California 
Energy C o d s s o n  listing excludes publicly announced proposals for three other 
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http://www.wscc.com/files/tenvrOl.udf, p. 29. The difference between 3.6% p a  year and 3.0 percent per 
year, over a decade, is well over 1000 Mw for this WSCC subregion. 

http://www.enerm.ca.pov/electriciWWSCC PROPOSED GENERATION.XLS, lines 24 1-244,247-250, 
257,259,261-262 (southern Nevada) and lines 263-269 (New Mexico) 

http://m.enerw.ca.gov/electricitv/WSCC PROPOSED GENERATION.XLS, lines 244,259,262 
$southern Nevada) and line 268 (New Mexico). 
, See httD://www.wscc.codfiles/tenvrOO.u&, p. 30 and httD://www.wscc.com/files/tenvr0l.udf, p. 3 1, 

showing an increase in regional resources of 920 Mw ftom 1/1/00 to 1/1/01, prior to the addition of new 
resources within Arizona in 2001. 

’ Cakornia Energy Markets, 7/21/00 at 10; hM>://www.nmbu.comss~e~Ol/Juvenerw.h There are 
also rurai electric coops in New Mexico and southern Nevada. 

load growth of 4957 Mw from 2001 to 2010, or 773 Mw per year. 70-75 percent of that growth corresponds 
to a 540 - 580 Mw per year share for Arizona. 

lo Califomia Energy Commission, 1 0/16/0 1, 
http://m.enerm.ca.nov/electriciWWSCC PROPOSED GENERATION.XLS; the Arizona section of 
the CEC publication is attached as Table 1. There are 23,404 Mw of projects, of which 2129 MW came on- 
line in 2001, leaving 21,275 Mw of future projects. 

California Energy Commission, 1 O/ 16‘0 1, 

California Energy Commission, 1011 6/0 1, 

http://www.wscc.comles/t~~I .u& p. 44. 

In http://www.wscc.codfiles/tenyrO 1 .odf, p. 45 (August 2001), the WSCC projects regional firm peak 8 

Mundy testimony, p. 6. 
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projects, totalling 715 Mw.” So there are actually about 22,000 Mw of projects in Mr. 
Mundy’s categories, not “about 15,000 Mw.” 

In a similar vein, Mr. Mundy states that “about 8900 MW.. .have completed the 
CEC process.y112 The correct figure is about 1,150 Mw higher, for projects which have 
their required ACC permits but are not yet operating. l3 

Q. You state that Mr. Mundy has overstated the likely cancellation rate for new Arizona 
generation projects. Please explain. 

A. Mr. Mundy predicts that 7500-9000 Mw of new Arizona-sited generation will come 
on line in Arizona out of about “1 5,000 Mw” that are “publicly announced, are in some 
stage of the CEC process, have completed the CEC process, [or] are under construction.” 
He also asserts that the WSCC “believesy’ that about 8500 Mw of the same 15,000 Mw 
will actually come on line in 2002-2009. 

With regard to the WSCC, Mr. Mundy’s numbers are simply irrelevant., because 
the WSCC listing of new projects is based on reports f?om WSCC members, not what the 
WSCC “believes” will happen. The WSCC does not review the likelihood of particular 
projects being built or not.14 

With regard to his own numbers, Ivir. Mundy has failed to distinguish between the 
failure rates for projects at different stages of development. In the particular case of 
Arizona, there are 5735 Mw already under construction, all of them within 24 months of 
~ompletion.‘~ It is hard to imagine that any of these projects will be abandoned and not 
completed sometime before 2009. So Mr. Mundy is effectively arguing that only 1765- 
3235 Mw of projects will be completed in the next 8 years out of all the projects which 
are already announced but are not yet under construction. By his own terms, there are 
some 9,265 Mw of such  project^.'^ 65-81 percent of them would have to fail for there to 
be only 700-2200 Mw ultimately brought on line. Such a high failure rate seems unlikely, 
at least until there is an obvious glut of electricity, and under glut conditions there is no 
reason to expect or desire the La Paz project either, and certainly no reliability need for it. 

See www.maestros~rouR.com/ang;s2.htm (2 projects, for 15 Mw and 100 Mw, respectively) and 

Mundy testimony, p. 6. 
West Phoenix phase 2 (500 Mw), Arlington Valley 1 (580 Mw), Gila River (2080 Mw), Harquahala 

(1040 Mw), Mesquite (1265 Mw), Kyrene (250 Mw), Redhawk (2120 Mw), Sundance (540 Mw), Gila 
Bend (845 Mw), and Satan (825 Mw), for a total of over 10,000 Mw. 

l4 . The most recent WSCC project list includes 8745 Mw of Arizona projects with on-he  dates in the 
period 2002-2007. It doesn’t include La Paz - but that doesn’t mean that the WSCC “believes” La Paz 
won’t be built. See httD://www.wscc.com/files/tenyrOl.udf, p. 46. 
Is ‘5  California Energy Commission, 10/16/01, 
http://www.energy.ca.gov/electricity/WSCC PROPOSED GENERATION.XI-S; the relevant Arizona 
section of the CEC publication is attached as Table 1. 
l6 “About 15,000 Mw” of post-2001 projects, per Mundy, minus 5,735 Mw in construction, leaves 9,265 
Mw not yet under construction. Of course, as already discussed, the actual number of proposed projects is 
some 6000 Mw larger than Mr. Mundy’s testimony states. 

htto://www.maricoDa. uov/envsvc/AIR/D~int.asu (Montezuma project for 600 Mw). 
12 
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Giving out pennits because 213 to 4/5 of them will go unused seems like bad policy to 
b00t.l~ 

Q, You state in your testimony that Mr. Mundy underestimates the growing generation 
glut in Arizona by looking at supply and demand over different time periods. Please 
explain. 

A. Mr. Mundy estimates load growth at 700 Mw per year over a 1 0-year period.’* By 
referring to 10-year load growth rates, he implies that Arizona needs to add generation to 
meet 7000 Mw of load growth. However, as the ACC staff has noted, new combined 
cycle construction periods are closer to 2-3 years.*g Adding two years for site acquisition 
and licensing, a power plant whose developer was just starting out today could still be 
online in time for the summer peak of 2007. Indeed, almost every powerplant proposal 
publicly identified in Arizona is intended to be in operation by 2007.’’ Thus, when Mr. 
Mundy talks about “less than 50-60% . . . of the projects we hear about are actually 
completed,” he should indicate that we are largely hearing only about projects with on- 
tine dates through the year 2007. 

Using Mi. Mundy’s numbers, load grow-th of 700 Mw fkom 2001-2007 would 
equate to load growth of 4200 Mw, far less than the 7500-9000 Mw of not-yet-operating 
projects which Mr. Mundy himself expects to come on line out of 15,000 Mw already 
identified but not yet operating. So by his own terms, Mr. Mundy’s testimony indicates 
that Arizona can expect up to twice as much new generation as new load in the next 6 
years. 

When MI. Mundy’s overstatement of demand and understatement of supply are 
factored in, and compared over the same time period, the disparity between need and 
pending supply is much greater. The WSCC forecast for Arizma/New Mexico/Southem 
Nevada growth in peak firm demand from 2001 to 2007 is 4646 Mw?* Assuming % of 
that increaie is in Nevada and New Mexico;’ the Arizona share of 2001-07 load growth 
would be 3485 Mw. The California Energy Commisson has identified 19,225 Mw of 
proposed generation additions during 2002-2007, and others have identified another 71 5 
Mw, for a total of 19,940 M w . ~ ~  Using Mr. Mundy’s figure of a 50-60 percent success 

l7 The ACC staff has already remarked that “Transmission Providers are presently encumbered with an 
endless barrage of power plant interconnection study requests that have distracted them fiom studying, 
planning and siting the transmission lines needed to deliver the energy f?om proposed power plants to local 
markets.” ACC staff, “Adequacy of Arizona’s Existing and Planned Transmission Facilities,” July 2001, p. 
40, in docket E-00000A-01-120, online at httd/www.cc.state.az.us/utilitv/electric/biennialxmn.pdf. 
l8 Mundy testimony, p. 5. I have explained earlier in my testimony that a more accurate figure for Arizona 
would be 540-580 Mw per year during the 2001-10 period. See footnote 8, supra. 
l9 ACC staff, “Adequacy of Arizona’s Existing and Planned Transmission Facilities,” July 2001, p. 40, in 
docket E-00000A-0 1-120, available online at httD://WWW.cc.state.az.us/u~~leutilitvlelectric/biennialxmn 

21 h t t o : / / ~ . w s c c . c o m s / t e n ~ l  .udf, p. 45 (August ZOOI), showing an increase &om 22,592 Mw in 

22 The basis of the estimate that AI~ZOM represents no more than 75% of the WSCC subregion peak 
demand is discussed earlier in my testimony. 
=See Table 1, the CEC listing, and also the sources cited in footnote 11, supra.. 

See Table I. There are three exceptions out of 45 projects. 

2001 to 27,238 MW in 2007. 
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rate, that would mean new generation of 9,970 to 11,964 Mw during 2002-2007. In other 
words, Arizona will be adding capacity in 2002-07 at almost three times the rate that load 
is growing, even if only half the proposed projects come on line! 

Q. Have you done your own analysis to correct the problems you describe above? 

A. Yes. 

Q. Please describe your analysis and conclusions with respect to the need for the La Paz 
project to provide reliability in AZ 

A The August 2001 WSCC projections for load growth eqwte to an Arizona load growth 
fkom 2001-2007 of about 3500 Mw. Adding 15 percent for associated reserves, and 
generously adding another 1000 Mw to increase existing reserve margins, the required 
2002-2007 generation additions would be about 5000 Mw. Over 5700 Mw are already 
under construction in Arizona for operation within two years, and another 4300 Mw are 
already approved by the ACC. This is twice what the state needs. Even allowing for the 
fact that some licensed projects may be delayed or cancelled, there is no need to approve 
additional generation to provide statewide reliability in Arizona24 Additional generation 
will just lead to increased exports out of Arizona to Califonria. 

The ACC may wish to permit projects in 2001 that will not be needed until 2008 
or far beyond, but if it does it should not do so on the grounds that these projects provide 
a reliability benefit. The ACC may wish to permit more than three times as many projects 
as are needed, relying on the market to weed out excess capacity, but if it does so it 
should feel free to impose strict environmental and land use conditions, knowing that 
those projects which cannot meet such conditions will be replaced by those which can, 
without imperiling reliability. 

Q. Please describe your analysis and conclusions with respect to the need for the La Paz 
project to provide reliability in the larger region. 

A. The WSCC estimates load growth in Arizona/New MexicolSouthem Nevada fiom 
2001 to 2007 will be 4646 Mw. Adding 15 percent for generating reserves, plus 1250 
Mw to increase current reserve margins, required regional resource additions during 
2002-2007 are about 6600 Mw. Over 7600 Mw are already under construction within the 
region, all planned for operation within the next 30 months. By 2004, plants under 
construction will alone be sufficient to meet load growth and increase reserve margins 
until 2008. Here too, licensing new generation can only result in increased exports 
outside of the region. 

24 Site-specific resource additions may still be needed in the next few years to meet local generation needs 
in transmission-constrained areas. However, La Paz is not located in such an area. Lkewise, if new projects 
currently under construction are contractually committed to export their generation outside of Arizona, 
generation may be needed which is contractually committed to meet in-state loads. However, as a merchant 
plant owner, Allegheny has made no such commitment. 
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Q. Does this complete your testimony. 

A. Yes. 
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Chapter 5 

CUMULATIVE EFFECTS OF EVAPORATION BASINS 
ON WILDLIFE 

CEQA defines cumulative impacts in the following way: "Cumulative impacts" refers to two 
or more individual effects which, when considered together, are considerable or which 
compound or increase other environmental impacts. 

(a) The individual effects may be changes resulting from a single project or a number of 
separate projects. 

(b) The cumulative impact from several projects is the change in the environment which 
results from the incremental impact of the project when added to other closely related past, 
present, and reasonably foreseeable probable future projects. Cumulative impacts can result 
from individually minor but collectively significant projects taking place over a period of 
time. 

Two factors may alter the number or area of evaporation basins in the southern San Joaquin 
Valley. These are the possible addition of up to 1,990 acres of new or enlarged evaporation 
basins bringing the total to approximately 9,OOO acres, and the anticipated closure of Basin 
Nos. 4,7, 18, and 20, which would reduce the total evaporation basin acreage by 220 acres. 

The magnitude of adverse effects of evaporation basins may also change as pond operators 
implement interim and long-term management programs. Evaporation basin operators have 
entered into interim management agreements with DFG, which are described in more detail 
in Chapter 6 of this report. Most of these agreements were signed in 1990, so the effects 
of interim management are not reflected in the data collected. The management methods 
used are expected to decrease the number of birds exposed to basins with selenium levels 
of concern, therefore, the magnitude of effects specifically related to the exposure of birds 
should also decrease. Pond operators, in preparing site-specific reports and making 
independent efforts to minimize exposure, will further lessen the adverse effects. 

The discussion of cumulative effects which follows is organized similarly to the earlier 
chapters (e.g., bird reproduction, bird health, migrating and wintering birds). While data 
are sometimes sparse, we have attempted to categorize cumulative effects as adverse, 
beneficial, or unknown. These categorizations are difficult because many potential effects 
are not well studied and are subject to considerable debate. Such points of controversy have 
been described throughout this report. 

This report is not intended to be a thorough evaluation of individual site-specific effects, but 
rather is intended to provide an overview of the situation, and to portray potential 
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Table 5-1 
Selenium Risk Characterization for Waterbirds 

Risk Thresholds 
Terato- 

I Background Hatchability genesis 
' Mean Egg Selenium <3.0 >8.0 > 18Sd 
(ppm, dry weight; 
population mean) 
Dietary Selenium 
(PPm, dry weight) 
MLE" C1.2 >2.9 >5.9 
95% CIb (0.8)" - 1.7 2.2 - 3.5 4.8 - 7.4 
Waterborne Selenium 

MLE 
90% CI 

<(OS) >2.7 > 12 
(0.04) - 2.3 (0.5) - 7.8 3.5 - 32 

The relationships between selenium concentrations in birds' eggs, their diets, and 
waterborne selenium in evaporation basins are illustrated in Figures 5-2 through 5-4. The 
regression lines in these figures reflect the process of bioaccumulation of selenium in the 
food chain. 

In each of these figures, we illustrate (in a counter-clockwise direction) the relationships 
between (1) selenium concentrations found in aquatic invertebrates and water from 
evaporation basins (J. Shelton et al., DWR, unpubl. data), (2) average selenium 
concentrations found in mallard eggs when the ducks were fed various concentrations of 
dietary selenium (Heinz et al., 1989), and (3) the frequency of bird populations with 
detectable embryo abnormalities (teratogenesis) as a function of mean egg selenium 
concentrations (Skorupa and Ohlendorf, 1991). The dashed line (or "box") in the center of 
each figure connects selected mean egg selenium concentrations to the maximum dietary 
and waterborne selenium concentrations that are expected to produce those mean egg 
selenium concentrations. (The dashed lines intercept the lower 95 percent confidence 
intervals for those two regression equations.) 
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The upper left quadrant of each figure shows the relationship between mean egg selenium 
and teratogenicity in aquatic bird populations expressed as the probability of detecting 
teratogenesis in a reconnaissance-level sample of embryos. In that portion of the figure, 
each small vertical bar is the observed percentage of the populations, within certain ranges 
of mean egg selenium, in which embryo deformities were detected. The horizontal line 
shows the 95 percent confidence interval for this value. The number of individuals being 
affected in those populations showing evidence of teratogenicity is usually not known. 

These threshold limits (egg, invertebrate, or waterborne selenium) were then used to 
categorize the evaporation basins based on the likelihood of adverse reproductive effects 
(hatchability or teratogenicity). A conservative approach was used to initially categorize the 
basins. The most accurate predictor of effects of selenium on avian reproduction has been 
selenium content in avian eggs (Skorupa and Ohlendorf 1991). The next most accurate 
predictors are selenium levels in avian food chains, followed by waterborne concentrations, 
followed by bird-liver concentrations. Thus, the initial attempt at categorizing the ponds 
based on potential avian impacts involved a hierarchal classification scheme. Data on egg- 
selenium concentrations were used where available and overrode results of other sampling. 
When egg data were not available, food-chain concentrations were used for classification. 
When food-chain concentrations were not available, water-borne selenium concentrations 
were used, and so forth. Three categories of classification were used: (1) high probability 
of hatchability and embryo effects (see thresholds in Table 4-1); (2) probability of reduced 
hatchability (see Table 4-1); and (3) background and slightly elevated levels of selenium (see 
Table 4-1) were combined into a single category of minimal or no effect. Thus, each pond 
is preliminarily classified based on available data, and there is significant variance in the 
amount of data available from the various ponds. The function of this classification scheme 
is to obtain a preliminary estimate of the total amount of pond acreage that might 
significantly affect avian populations. Specific effects of each pond will be assessed in detail 
in the site-specific reports when data gaps will be filled. Using the categories described 
above, populations with reproductive effects could occur at 13 evaporation basins (Basins 
4,5, 7, 14, 15, 16, 17, 19, 21,22, 23, 26, 28) totalling 4,130 acres (Figure 5-5). These sites 
make up approximately 61 percent of the evaporation basin area in the region. Within these 
listed basins, ten basins (Basins 4, 5, 15, 16, 17, 19, 21, 22, 23 and 26) were categorized as 
having possible hatchability and teratogenicity effects. Three more were listed as having 
possible hatchability effects (Basins 7, 14 and 28). It should be noted that this model made 
a series of assumptions as described earlier, and that site-specific reports will refine the 
accuracy of the analysis. 

ADVERSE CUMULATIVE EFFECTS 

BIRD REPRODUCTION 

These basins are used by a variety of waterbirds, many of which use the basins for breeding. 
Estimates were made of the numbers of birds in the vicinity during the spring and summer 
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seasons based on three principal sources. These data were provided by USFWS, Sloat and 
Williams (unpubl. data), and PRBO from their Pacific Ryway Project. 

Nesting surveys were conducted at 12 basins during 1987 and/or 1989 by USFWS 
(Table 4-2). Coverage by these surveys ranged from less than 50 percent to greater than 
80 percent of the nesting habitat at the surveyed ponds. Most surveys covered 50 to 
75 percent of the basins; thus, the numbers obtained probably underestimate the amount 
of nesting at those sites. These survey results were presented in Chapters 2 and 4. 

The relative species composition of waterbirds nesting at evaporation basins, as derived from 
USFWS surveys, is 70 percent stilts and avocets, 10 percent terns, 8 percent each ducks and 
plovers (including killdeer), and 4 percent grebes (Table 2-8) (Skorupa, pers. corn.). The 
total number of breeding waterbird pairs on all Tulare Basin evaporation ponds was 
estimated by J. P. Skorupa as 2,315 to 5,951 breeding pairs. These estimates assume that 
70 percent to 90 percent of nesting attempts were detected; that nesting attempts per pair 
averaged 1.2 to 1.6; and that the studied evaporation basins supported 40 percent to 
60 percent of the total nesting population on evaporation basins. 

Sloat and Williams (unpubl. data) provide results of monthly shorebird counts at 
16 evaporation basins, comprising 89 percent (5,950 acres) of the total evaporation basin 
area. The monthly average spring-summer (May through July) population recorded was 
15,908 individuals. These counts included shorebirds as well as other waterbird species. 
Sixty-seven percent of these individuals were found at basins that had selenium levels at or 
above the threshold where reproductive effects might be expected to be detected in 
populations. Some of these basins had known reproductive effects. These surveys detected 
large numbers of individuals of some species which are not known to breed at the ponds. 

Fewer nesting attempts have been recorded for waterfowl than for shorebirds at the 
evaporation ponds. Waterfowl comprised approximately 8 percent of nesting waterbirds 
observed (Table 2-7); a maximum of 480 breeding pairs of waterfowl were estimated for all 
evaporation basins. Additional birds nested nearby and used the ponds for feeding or 
rearing; but data are not available. Sloat and Williams (unpubl. data) counted an average 
of 1864 waterfowl at 16 evaporation basins during the spring of 1990. These counts 
probably included young, other non-breeding members of local populations, and migrants. 

Documented nesting attempts were shown in Table 4-2 for 1987 and 1989. Most of the 
documented waterfowl nesting attempts were from Basin Nos. 11 (TLDD North) and 
22 (TL,DD South). No reproductive effects were observed at Basin No. 11 in'125 duck nests 
studied; however, reduced hatchability and increased teratogenesis were observed at 
Basin No. 22, where 71 duck nests were studied. 

Based on USFWS estimates, 4 percent (maximum 240 pairs) of breeding waterbirds at 
evaporation basins are grebes. Sloat and Williams (unpubl. data) counted an average of 
237 grebes per month at 16 evaporation basins (Table 2-1) during the spring of 1990. 
Reproductive success of this species has been poor on all the basins studied, although this 
poor reproductive rate has apparently not always been related to selenium levels. The 
numbers of grebes nesting on evaporation basins showed higher between-year variance than 
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Monthly Average Spring-Summer I 
(May - July) Waterbird Populations 
in the Tulare Basin, by Habitat Type 

I 
I 

Acres Birds 
68.2% Evaporation Basins 15,908.2 - 68.2% 

Expected Effects: 

IU Hatchability & 10.490.6 45.0% 
Teratogenicity 

X Hatchability 790.7 0.8% 

I None 5.226.9 22.4% 

15,908.2 68.2% 

0% Natural Wetlands 0 - 0% 

13.0% Sewage Ponds ? (3.032.4) -1 3.0% 

18.8% Freshwater Storage Ppnds? (4 ,385 .2 )18 .8% - - 
100% 23,325.8 100% 

' Eighty-three percent of basins were surveyed 
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Species 

Vorthern 
Shoveler 

completed to date, two sources provide limited information on concentrations of selenium 
in waterbird tissues during the winter. Barnum (unpublished) studied selenium 
concentrations in four species of ducks from Kern National Wildlife Refuge and nearby 
evaporation basins (Table 5-2). These data suggest that tissue selenium tends to be higher 
in individuals collected from evaporation basins than from those collected at the Kern 
Wildlife Refuge. Additionally ruddy ducks tend to have higher concentrations of selenium 
under these conditions than do the other three species. 

Kern National Wildlife Refuge 

Mean Selenium 
Concentration 

Sample Size Sample Size 

49 1.09 17 

Evapora t 

Table 5-2 
Mean Selenium Concentrations (ppm, wet weight) in Waterfowl Breast Tissue 

from Kern National Wildlife Refuge 
and Surrounding Evaporation Ponds, October 1988-March 1989 

I I 

Vorthern Pintail 

Ruddy Duck 

3 reen-winged 
real 

28 0.50 7 

10 1.07 49 

40 0.49 4 

Source: D. Barnum, USFWS, unpubl. data. 

ion Ponds 

Mean 
Selenium 

Concentrat ion 

1.52 

1.34 

2.67 

1.28 

Data also are available from the Selenium Verification Study (White, et al., 1987,1989) and 
are summarized in Table 5-3. Tissue selenium levels from the selected species of waterbirds 
collected at evaporation basins were often below the 10 ppm dry weight liver concentration 
considered in this report to be the threshold of background concentrations. Ruddy ducks 
were the one exception as liver selenium concentrations at three evaporation basins were 
greater than 20 ppm. However, no verified instance of selenium toxicosis has been reported 
at any locale in the southern San Joaquin Valley. Adult wintering birds with symptoms 
similar to those of selenium toxicosis were observed but not evaluated, researched or 
formally reported (Barnum, pers. comm.). 

When waterfowl shift from high-selenium diets to low-selenium diets they rapidly eliminate 
accumulated selenium (Heinz et al., 1990), and within a few weeks tissue concentrations 
reduce below the threshold for adverse reproductive effects as described in more detail in 
Chapter 4. This ability to eliminate selenium reduces the risks to migrating and wintering 
waterfowl populations. Similar data are not available at this time for shorebirds, however. 
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Most waterfowl which winter in the southern San Joaquin Valley nest farther north 
(especially Alaska and Canada; Chapter 2). Precise information on the time elapsed 
between feeding in the southern San Joaquin Valley and beginning of nesting and egg-laying 
is not available. The ability to rapidly deplete body selenium, plus the distance between the 
southern San Joaquin Valley and major breeding areas, suggests a low potential for adverse 
reproductive effects in those species leaving high selenium evaporation ponds 1 to 2 weeks 
prior to breeding. However, no studies in the breeding grounds have been conducted, and 
speculation regarding these effects is highly controversial. 

Similarly, there is some evidence (Barnum pers. comm.) that an indicator of body condition 
(Index = Body wt/Flat wing length) showed better condition (Le., higher index) for 
wintering birds from some species from Kern NWR as compared to those from evaporation 
basins. If these data are supported by further study, this might have implications regarding 
differential survivorship during migration (another unstudied topic). 

BENEFICIAL CUMULATIVE EFFECTS 

BIRD REPRODUCTION 

Selenium levels at 38 percent of the evaporation ponds, including nine basins (Basins 6, 8, 
9, 10, 11, 12, 13,24 and 25 for a total of 2,555 acres) are low enough to make reproductive 
effects unlikely (Figure 5-5), at least by the relatively conservative categories described 
earlier. If other toxic substances are also present at insignificant levels, these ponds may 
represent wetland habitat that is a realized or potential benefit to waterfowl and shorebirds. 

In spring, 67 percent of available wetland habitat in the Tulare Basin is provided by the 
evaporation basins (Figure 5-5). Roughly 25 percent of the total available wetland habitat 
during the breeding season consists of evaporation basins with selenium concentrations 
below the predicted effect levels. 

Additionally, there may be a number of successful nests (producing young that survive to 
later breed) each year at sites where selenium levels are above thresholds. While nest 
success rates are not known at this time, if a significant number of young survive at some 
contaminated sites and later reproduce, then the evaporation basins are a source of 
recruitment (i.e., they contribute to the population). 

Again, no studies have been conducted which followed long-term survivorship of young 
which hatched at ponds with relatively high selenium levels. Thus, the probability that there 
has been a net benefit is controversial, and should be further studied. Incidental 
observations at some ponds suggest low recruitment (Skorupa, pen. eomm). Chapter 4 
described survivorship of young fed various levels of selenium in the diet. 

Snowy plover nest densities and nesting success at evaporation ponds are equal to or greater 
than other sites (Roster et al., in press; Barnum et al., in press). Skorupa (unpubl. data) 
reports high hatching or nesting success of snowy plovers at most evaporation pond sites, but 

H .  T.  HARVEY & ASSOCIATES 5-17 



i 
1 
I 
I 
I 
I 
I 
I 
I 

Unknown 
30 

Storage L Sewage Ponds 
Ponds 1,930 
1,340 

Acres 
Evaporation Basins-6,715 -31.8% 

Expected Effects: 

lli7fatchability & 3.950 18.7% 
Teratogenicity 

ll Hatchability 180 0.8% 

I None 2,555 12.1% 

Unknown 30 0.7% 

6,715 31.8% 
-- 

Natural Wetlands 7,800 -36.5% 
Pre-irrigated fields 1 , 3 0 0  -15.4% 

Sewage Ponds 1,340 - 6.3% 
Freshwater Storage Pond?:i ,930 - 9.0% 

21,085 100% 
- -  

Figure 5-7 
Acres of Wetland Habitat in the - 
Tulare Basin during FallMinter - 
(September - February), by Type 

11. 11 T I. 1 1 -Am- 
_C-:c> 
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affected organisms. Further study or monitoring would be required to determine whether 
these effects indeed exist. 

BIRD REPRODUCTION AND HEALTH 

Salinity 

Field and laboratory studies of the effects of salinity to date have focused on magnesium 
and sodium sulfate concentrations and specific conductivity of water in natural saline 
wetlands (Chapter 3). Effects on ducklings were found at levels lower than those typically 
found in the Tulare Basin evaporation ponds. Although toxic effects could be expected in 
the evaporation basins, studies have not been conducted to assess their significance using 
the specific ion concentrations found in these waters. Most of the evaporation basins 
contain total dissolved solids at concentrations that are potentially toxic, especially to young 
birds. However, at some sites, inflow water and particular cells have salinities below 
potentially toxic concentrations (Wescot et al., 1988a). 

Calcium carbonate deposition on ruddy duck tail feathers and resulting feather damage has 
been noted (Euliss et al. 1989) at some sites. This feather damage would reduce the ability 
of the ducks to fly or dive. Deposits of up to 30 percent of birds' body weight have been 
observed (Barnum, pers. comm. in. Moore et al. 1990). The significance of calcium 
carbonate deposition and resultant feather erosion to ruddy duck populations is not known. 

Trace Elements 

"he effects of concentrated drainwater constituents other than selenium on waterbird 
reproduction and health are not well-researched at evaporation basins. Concentrations of 
selected constituents in evaporation basins and their levels of effect are discussed in earlier 
chapters. 

In the Tulare Basin, boron has been measured in the aquatic food chain at concentrations 
up to about 1,500 ppm and commonly exceeds 300 ppm (Moore et al., 1989). However, 
boron concentrations in the eggs of aquatic birds from the Tulare Basin (J. P. Skorupa, pen. 
comm.) are substantially lower than the adverse-effect threshold determined in experimental 
studies (Smith and Anders, 1989). 

Vegetation from some Tulare Basin evaporation ponds consistently contained 50 to 150 ppm 
arsenic and sometimes up to 400 ppm (Moore et al., 1989), concentrations that could be 
harmful themselves or could influence selenium toxicity. The occurrence of vanadium at 
elevated concentrations in many evaporation basins may inhibit the ability of birds to 
tolerate high salinity drinking water. Aside from arsenic and boron, few studies have been 
conducted specifically to assess hazards of subsurface drainage water constituents to 
wildlife. Those waters, however, can also contain high concentrations of other trace 
elements including aluminum, molybdenum, uranium, and vanadium (Westcot et al., 1988a, 
1988b). 
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Wetland Type Pintail Mallard Teal Shoveler Ruddy Duck Total 
Kern NWR 5.5 0.4 2.1 1.4 0.04 9.8 

Pre-irrigated 

Evaporation 
Ponds 0.9 0.02 0.1 0.8 0.8 2.9 
Miscellaneous 1.8 0.2 0.02 0.3 0.3 3.0 
Source: Barnum and Euliss, in review. 

Hunting Clubs 2.0 0.1 1.0 0.6 0.04 4.3 

Cropland 9.7 0.2 0.1 . 0.9 0.1 11.2 
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is expected to vary annually with flood conditions and availability of irrigation water. About 
19 percent of wintering and migratory waterfowl observed in the region over fall and winter 
(1983 to 1988) were using evaporation basins (Figure 5-8). Waterfowl use of evaporation 
basins ranged from 14 to 27 percent (7,000 to 17,000 birds) of regional populations per 
month (Jones and Stokes, 1988). 

The use of different habitat types by principal waterfowl species in the region is depicted 
in Table 5-4. Evaporation ponds had the lowest densities of pintail, mallard and teals of the 
five wetland habitat types surveyed. Shovelers used evaporation ponds in intermediate 
densities. Only ruddy ducks were observed on evaporation basins in densities greater than 
on other habitats. Use of habitats as measured by waterfowl density varies over the winter, 
probably reflecting changes in factors such as habitat availability, food supplies, and dietary 
needs (Barnum and Euliss, in review). 

Some evaporation basins may also serve as sanctuaries for waterfowl from hunting and other 
disturbances (Coe, 1990). Sanctuary areas are considered essential elements for waterfowl 
management (USFWS, 1986). However, some basins have been legally and illegally hunted 
(D. Mitchell, DFG, pers. comm). At this time, data are limited and it is not possible to 
assess the magnitude of this possible effect. 

According to recent studies by PRBO, the evaporation ponds are also used by large numbers 
of migrant shorebirds. These ponds held 68,000 shorebirds in late July, and 50,000 in early 
September 1990 (D. Shuford, pers. comm.). They have also held 20,000 to 30,000 Wilson's 
phalarope, and comprise one of this species' four major staging areas in California (Jehl, 
1988). 

When combined with the waterfowl census data presented above, the evaporation ponds 
may not be just a simple "attractive nuisance" but may be significant wetland habitats, at 
least during some seasons. Although the evaporation basins were not intended to provide 
waterbird habitat, with 50,OOO to 68,000 shorebirds and 7,000 to 17,000 wintering or 
migrating waterfowl using these ponds, clearly habitat has been provided. 
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a Assumed to be provided by ACC vendor and costed at 30% of ACC Capital, based on AZURE Response 
to 1-28, BDT quote attached to High Desert Analysis. 

b Costed at $25/gpm (EPA 11/01, p. 2-28) based on a circulating water flow rate of 58,900 gpm and a design 
approach of 10.88'F (Response to 1-52). See also AZURE Response to Data Request A-30, Attach-2. 

c Costed at 50% of wet case. 
d Sum of 50% wet case area (1.7 ac) and 50% dry case area (2.1 ac) costed at $500/acre. 
e Costed at 315 of wet case. 
f Aquifer protection permit, based on Response to Data Request I-50(k). 



Table 5 

Preliminary - Not for Construction 
WET-DRY COOLING 

QUANTITY 

Total Unit DESCRIPTION 

Piles 
ExcavationIBackfill 
Pump Pits & Skid Fdns 
Cooling Tower Basins 
Air Cooler Foundations 
Air Cooler Pipe Support Foundations 
C.T. Pit Steel 
Air-Cooled Surface Condensers 
ACC Mechanical Erectiona 
Cooling Towersb 
Surface Condenser 
Duct Burner (supplemental firing) 
CCW Heat Exchanger 
Circulating CW Pumps 
Auxiliary CW Pumps 
CT Makeup Pumps 
Closed Loop CW Pumps 
Chemical Injection Skid 
C.T. Fire Protection 
Water Treatment System' 
Evaporation Ponds - Land' 
Evaporation Ponds - construction' 
Land for Water Rights' 
Land for Cooling Towers/ACCd 
Water Supply Wells" 
Incremental Tank Costs' 
Permitting' 
Hoists-C.T. Screens (5-ton manual ea.) 
STGIHRSGIBFW & Cond Pumps, Base Case 
Piping-CWSICWR, MU, ED 
Electrical PDC & Aux Xfmr-Equip & Bulks 
Paint (Pipe) 
Scaffolding 
Adders 
Extended Work Week, Casual OT @ 2% 

Temp. Construction Facilities 
Constr. Svcs., Supplies, Exp. 
Field Staff, Subs. & Exp. 
Payroll, B&B, & Insurance 
Construction Equipment 
Small Tools 
Field Overhead Costs 

Total Direct Field Costs 

Indirect Field Costs 

MAN HOURS 
Prod Ch art Jobsite 
Mult MH's MH's 

Commissioning 

Field Support & Construction 
H.O. Construction Support 
Project Management 
Engineering & Design 
Procurement 
H.O. Expenses 
H.O. Payroll & B&B 

Total Field Cost 

300 
71,609 

2,520 
68 
2 

580 

28 

2 

4 

30 
30 

1.9 
3 

12 

2 

7,460 

I ,082.5 

H.O. Overhead Costs 

EA 
CY 

CY 
CY 
CY 

2 E A  

EA 
2 m  
4 E A  

EA 
6 E A  
4 E A  
2 E A  
4 E A  
1 E A  
+ E A  
1 E A  

AC 
AC 

AC 
EA 
EA 

EA 

LF 
1 E A  

CY 

TON 

AC 

Escalation 
Contingency 
Warranty (Allowance or %) 

11,218 
2,910 

1,610 
60 

17,890 

700 

TOTAL PROJECT COSTS 

14,022 
3,636 

2,012 
7: 

22,362 

875 

6,000 7,50C 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

1.25 
1.25 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

1.25 

1.25 
1.25 

400 
560 

80 
iao 

390 

50C 
70C 

1oc 
22: 

486 
200 

50 

20,710 
18,340 

25C 

62 

25,886 
22,gz: 

I I 88,1281 IIO,I~C 

Wage 
Rate 

$ 23.34 
$ 24.24 
$ 24.24 
$ 24.24 
$ 24.24 
$ 24.24 
$ 26.17 

$ 26.17 

$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 

$ 26.17 
$ 26.17 
$ 25.97 
$ 25.61 
$ 25.97 
$ 25.54 

TOTA 
Sub- 

Labor 
$ 

327,2a: 
88.172 

48,782 
1,816 

542,067 

21,21c 

196,275 

13,oa~ 
I ~ , ~ I E  
5,886 
2,617 

12,758 
6,542 

1,636 

672,298 
5a7, io~  

218,048 

442,aoc 
3,275,812 

69,lOC 

Contract 
f 

487,50c 

14,100,OOC 
4,230,OOC 
4,230,OOC 

2,200,000 

a40,ooo 
2,315,000 

15,000 
3,600,000 
4,650,000 

950 
2,215,200 

25,000 
200,000 

3,300,ooa 

94,2013 

~2,502,850 

Material 
$ 

22,00( 
1 io,ao( 
428,40( 
11 ,go( 

40( 
42,OOt 

1,760,00( 

20a,oo( 
1,169,00( 

270,40( 
37,40C 

257,90C 
70,801 

5,20C 

703,50C 
2,049,30( 

-3,oag,ooc 

4,05a,oo( 

166% x Labor 
1.26% x Direct Field Costs - Land Costs + Indirect Field Costs 

15.00% x Total Field Cost - Subcontracts - Land Costs 

6.60% x Total Direct Field Material + 60% SIC + 10% IFC 
6.00% x Total Field & Office Costs - Land Costs + Sales Tax 
4.80% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation 

6.00% x Total Field & Office Costs - Land Costs + Escalation + Contingency 
0.1276% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation + Contingency 

Rnund to 

Total 
$ 

4a7,50 
w , 2 a  
1 9 8 , ~  

60,6a 
970,46 

2,21 
63,21 

14,100,OO~ 
4,230,001 
4,230,001 
1,956,27 
2,200,001 

221 ,oa 
i,ia7,31 

2 7 ~ 8  
40,Ol 

270,65' 
77,34 

2,315,001 
15,001 

3,600,001 
4,650,001 

951 
2,215,201 

25,001 
200,001 

6,831 
21 1,001 

1,375,79( 
2,636,40 

94,201 
21a,o4, 
69,101 

442,801 
49,836,66 

840,001 

5,437,84 
637,66 

55,912,17 

1,311,50 
57,z23,6a 
I ,ga6,a3 
3,272,67 
2,775,22 

77,31 
3,516,33 

69,000,OO 
6a,a52,06 



Table 4 
DRY COOLING 

Preliminary - Not for Construction 

TOTAL COSTS 
Sub- I I DESCRIPTION 

1 
Piles 
Excavation/Backfill 
Air Cooler Foundations 
Air Cooler Pipe Support Foundations 
Pipe Supports -Tee Supports 
Air-Cooled Surface Condensersa 
ACC Mechanical Erectionb 
Land for ACCC 
Lube Oil Cooling Towers 
STGlHRSGlBFW & Cond Pumps, Base Case 
Duct Burner (supplemental tiring) 
Piping Erection 
Electrical PDC & Aux Xfmr-Equip & Bulks 
Water supply Wellsd 
Land for Water Rights' 
Evaporation Ponds' 
Water Treatment System' 
Scaffolding 
Adders 

4N HOURS 
Chart 
MH's 

140 
3,210 

80 
80 

200 
12,470 

1,360 

17,540 
Extended Work Week, Casual OT @ 2% 

TemD. Construction Facilities 
Total Direct Field Costs 

Jobsits 
MH's 

17 
4.01 

10 
10 

25 
15,58 

1,70 

21,92 

Con& svcs., Supplies, ~ x p .  
Field Staff, Subs. & Exp. 
Payroll, B&B, & Insurance 
Construction Equipment 
Small Tools 

Contract 
8 

390,000 

32,314,000 
9,694,200 

2,000,000 
3,300,000 
2,200,000 

1,020,000 
930,000 

7,440,000 
2,290,000 

$1,578,200 

Field Overhead Costs 
Indirect Field Costs 

Material 
8 

23,70C 
60C 

4.90C 

1.05C 

-2,789,OOC 

1,577,lOC 

-l,181,65C 

Commissioning 
Total Field Cost 

Total 
8 

390,000 
4,067 

120.963 
3,024 
7,404 

32,314,000 
9,694,200 

1,050 
2,000,000 

511,000 
2,200,000 

6,493 
1,976,296 
1,020,000 

9 3 0,O 0 0 
7,440,000 
2,290,000 

43,418 
13,900 
88,976 

61,054,790 

1,092,679 
783,045 

62,930,514 

1,351,264 
64,281,779 

2,367,720 
3,998,970 
3,391,126 

94,475 
4,300,313 

70.434,382 
78,000,000 

Field Support & Construction 
H.O. Construction Support 
Project Management - 
Engineering & Design 
Procurement 
H.O. Expenses 
H.O. Payroll & B&B 

2.1 
4 

1 
1 
2 

216.5 
48 

1 

15.63% 

H.O. Overhead Costs 
Total Home Office Costs 

Total Field and Office Costs 

AC 
EA 1.25 

4EA 
LOT 1.25 
EA 1.25 
EA 
AC 
AC 
EA 

1.25 

Sales Tax 
Escalation 
Contingency 
Warranty (Allowance or %) 

IFee 
TOTAL PROJECT COSTS 

- 
Wage 
Rate - 

$ 23.24 
$ 24.24 
$ 24.24 
$ 25.04 
$ 26.17 

$ 26.17 
$ 26.17 

$ 25.97 
$ 25.61 

$ 25.54 

Labor 
8 

4,067 
97,262 
2,424 
2,504 

6,492 
399,196 

43,41f 
13,90C 
88,976 

658.24C 

166% x Labor 
1.26% x Direct Field Costs - Land Costs + Indirect Field Costs 

25.00% x Total Field Cost - Subcontracts - Land Costs 

6.60% x Total Direct Field Material + 60% SIC + 10% IFC 
6.00% x Total Field & Office Costs + Sales Tax 
4.80% x Total Field & Office Costs + Sales Tax + Escalation 

6.00% x Total Field & Office Costs + Escalation + Contingency 
1.1276% x Total Field & Office Costs + Sales Tax + Escalation + Contingency 

Round to 

a BDT quote dated 10/15/01 provided by Allegheny (Wiley 12/6/01). 
b Assumed to be provided by ACC vendor and costed at 30% of ACC Capital, based on AZURE Response to 1-28, BDT quote attached to 

c 2.1 acres x $500/acre. Land area based on BDT quote dated 10/15/01 provided by Allegheny (Wiley 12/6/01). 
d Two 868-gpm wells, including pumps, pipeline, and installation, based on Response to Data Request I-53(d). 
e Based on a rough water balance, about 90% of the water would be used for cooling tower makeup. The ACC would displace this demand. 

High Desert Analysis, and discussions with vendors. Assumes nonunion labor rates. 

However, about 350 gpm would still be required for boiler makeup, evaporative cooling, and miscellaneous service and sanitary uses. 
Therefore, about 10% of the water rights would be required for the dry case, compared to the wet case. 

f Based on discussions with the applicant, the streams that would be routed to the evaporation pond are wastewater treatment residuals, 
sanitary wastes, and oily waters, amounting to about 30 to 60 gpm. Blowdown streams would be reused as cooling tower makeup. If the wet system 
were replaced with a dry system, treatment residuals, principally reverse osmosis reject, would still have to be disposed in the ponds. The applicant 
estimates that this would reduce pond area by 10% to 20%. Blowdown from the proposed evaporative cooling system could be eliminated by replacing 
it with a fogging system. Alternatively, the ponds could be replaced with a zero liquid discharge system, consisting of an evaporator and crystallizer. 
at a cost of about $14 million. 

fg Response to Data Request 1-53(g). 



a Costed at $25/gpm (EPA 11/01, p. 2-28) based on a circulating water flow rate of 134,590 gpm and a design 
approach of 10.88'F (Response to Data Request 1-52). See also AZURE Response to Data Request A-30, Attach-2. 

b Response to Data Request l-50(j). Costs do not include high efficiency drift eliminator. 
c 60 acres of ponds at $120,00O/acre for construction and $500/acre for land costs, based on Response to Data - 

Request I-50(a). 
d Cost to purchase 2,165 acres of land to secure water rights, based on Response to Data Request I-50(i) and a 

nonrefundable option fee of $300,000 for an additional 160 acres, as reported at www.picoholdings.com/ 
Allegheny.htm. Vidler reports the cash purchase price at approximately $9.1 million. 

e 1.7 acres x $500/acre. Land area based on Siting Application, Ex. G-I. Land cost based on Response to 
Data Request I-50(a). 

f Five 869-gpm wells, including pumps, pipeline, and installation, based on Response to Data Request I-50(e). 
Note that pump size in Response to Data Request I-sO(e) is incorrectly stated as 569 gpm. Actual pump size 
would be 869 gpm, based on a maximum water demand of 6,500 ac-ft/yr (4,030 gpm). 

g The increase in the cost of tanks for a wet system, compared to a dry system, based on Response to Data 
Request I-50(h). 

h Aquifer protection permit, based on Response to Data Request I-50(k). 

http://www.picoholdings.com


Table 3 
WET COOLING 

Preliminary - Not for Construction 

COSTS 

Material 
$ 

22,000 
158,500 
714,000 
60,000 

3,740,000 
208,000 

1,872,000 
270,400 
37,400 

228,800 
118,000 

31,200 
1,172,500 
1,417,100 

10,049,900 

1 

Total 

568,80( 
103,69( 
284,245 

1,617,546 
90,30C 

6,700,00( 
4,067,12! 

221,085 
1.91 1,255 

280,214 
41.65: 

243,84E 
127,814 
267,50C 

4,630,OOC 
30,OOC 

7,200,OOC 
9,300,OOC 

85C 
3,692,OOC 

50,OOC 
200,OOC 
37,742 

2,293,106 
1,870,717 

157,OOC 
266,571 
85,20C 

545,832 
46,884,096 

$ 
DESCRIPTION 

QUANTITY 

Total 

350 
18,180 

830 
4,200 

40 
2 

4 
6 
4 
2 
4 
1 
1 
1 

60 
60 

2,165 
1.7 

5 
12 

2 
12,430 

1 

15.63% 

Piles 
ExcavationlBackfill 
Pump Pits & Skid Fdns 
Cooling Tower Basins 
C.T. Pit Steel 
Cooling Towersa 
Surf Condenser 
CCW Heat Exchanger 
Circulating CW Pumps 
Auxiliary CW Pumps 

Unit 

EA 
CY 
CY 
CY 
TON 
EA 

2 E A  
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
AC 
AC 
AC 
AC 
EA 
EA 

EA 
LF 
EA 

I,-.. : - 

15.00% x Total Field Cost - Subcontracts - Land Costs 

6.60% x Total Direct Field Material + 60% SIC + 10% IFC 
6.00% x Total Field & Office Costs - Land Costs + Sales Tax 
4.80% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation 

6.00% x Total Field & Office Costs - Land Costs + Escalation + Contingency 
0.1276% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation + Contingency 

Round to: 

, L I MaKeup rumps 
Closed Loop CW Pumps 
Chemical Injection Skid I I- T c:... D.̂ *n..,î .. 

1,802,68: 
55,947,561 
2,006,26: 
2,917,37! 
2,473,93; 

68,92: 
3,120,48: 

66,534,54( 
67.000.00( 

u. I. r i i w  r i u L e u i u I i  

Water Treatment Systemb 
Evaporation Ponds - Land' 
Evaporation Ponds - Construction' 
Land for Water Rightsd 
Land for Cooling Towerse 
Water supply Wells' 
Incremental Tank Costsg 
Permittingh 
Hoists-C.T. Screens @-ton manual ea.) 
Piping-CWSICWR, MU, BD 
Electrical PDC & Aux Xfmr-Equip & Bulks 
Paint (Pipe) 
Scaffolding 
Ladders 
Extended Work Week, Casual OT @ 2% 

Temp. Construction Facilities 
Constr. Svcs., Supplies, Exp. 
Field Staff, Subs. & Exp. 
Payroll, B&B, & Insurance 
Construction Equipment 
Small Tools 

Total Direct Field Costs 

Field Overhead Costs 
Indirect Field Costs 

Commissioning 

Field Support & Construction 
Total Field Cost 

H.O. Construction Support 
Project Management 
Engineering & Design 
Procurement 
H.O. Expenses 
H.O. Payroll & B&B 
H.O. Overhead Costs 

Total Home Office Costs 
Total Field and Office Costs 

Sales Tax 
Escalation 
Contingency 
Warranty (Allowance or %) 
Fee 

TOTAL PROJECT COSTS 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

2,800 
4,150 

29,820 
1,000 

10,000 
400 

1,200 
300 
130 

3,50C 

37,275 
1,25C 

12,50C 
500 

1,500 
375 
163 

5,188 

14.17C 

107,80( 

250 
43,150 
17,713 

10,438 

134,75c 

Wage 
Rate 

$ 

$ 23.34 
$ 24.24 
$ 24.24 
$ 24.24 

$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 

$ 26.17 
$ 25.97 
$ 25.61 
$ 25.97 
$ 25.54 

TOTA 
Sub- 

Labor 
$ 

81,691 
125,74! 
903,54( 

30,30( 

327,12! 
13,08! 
39,25! 
9,811 
4,25: 

15,04f 
9,811 

6,54: 
1,120,60( 

453,61; 

266,571 
85,20( 

545,83: 
1,038,04( 

Contract 
$ 

568,80C 

- 

6,700,OOC 

267,50C 
4,630,OOC 

30,OOC 
7,200,OOC 
9,300,OOC 

85C 
3,692,OOC 

50,OOC 
200,00c 

157,OOC 

12,796,15C 



Table 2B 
Cost Comparison of Cooling Water Alternatives, 

Supplemental Duct Firing 
(-30% to +30% Estimate) 

Wet Dry WetlDry 
Plant Performance Summary Cooling Cooling Cooling 

Plant Performance Summary 
Net power output, MW 

Ave rag ea 
Incremental 

Averagea 
Incremental 

Total fuel consumed, 1 O6 Btu/hr 

Cost Summary 
Cooling system capital cost 

Incremental ($million) 
Cooling system O&MC ($million/yr) 
Incremental annualized costs ($miilion/yr) 

Cooling system capital recovery 
Fuel 
Cooling water O&MC 
Lost electricity generation 

Incremental Cost ($million/yr) 

Incremental Cost ($/MWh) 

1,157 1,157 1 ;I 57 
(base) 0 0 

8,197 8,541 8,271 
(base) 344 74 

67 78 

2.7 0.2 
(base) 11 

1 .o 
8.1 

-2.5 
0.0 

6.6 

0.97 

69 
2 

1.4 

0.2 
1.7 

-1.3 
0.0 

0.6 

0.09 

Plant Revenue ($million/yr) 340 340 340 

% of Base Revenue 

Basis 
Plant capacity factord 
Simple capital recovery 

Term, yrs 
Rate 
Capital recovery factor 

Fuel cost, $/IO6 Btu 
Incremental power, $/MW-hre 

1.9% 0.2% 

0.67 

20 
7.00% 

0.0944 
4.00 

50.00 

~~ 

a For wet case, Black Veatch Corp. Heat Balance, August 13,2001 ,Case 6, base load, 
average temperature (72 F) with duct firing as reported in Class I Permit Application, 
La Paz Generating Facility, October 2, 2001. Changes in net power output and heat 
rate for dry and wet/dry cases based on AZURE Response to Data Request A-54, 
Attach. 6, average of range summarized on Table 1. 

b Total project costs from Tables 4 and 5. 
Estimated from y = -4E-06 x2 + 10.617~ + 2055.2 (EPA 11/01, Table 2-19) 
for x = 134,590 gpm for the wet case and x = 58,900 gpm for the wet-dry case 
for two towers. O&M costs do not include 10% to 30% degradation in performance 
over life of wet tower. 
Average capacity factor for combined-cycle plants based on industry survey. 

Response to Data Request 1-51. 
(EPA 11/01, p. 3-10.) 



Table 2A 
Cost Comparison of Cooling Water Alternatives, 

No Supplemental Duct Firing 
(-30% to +30% Estimate) 

a For wet case, Black Veatch Corp. Heat Balance, August 13, 2001 ,Case 6, base load, 
average temperature (72 F) with duct firing as reported in Class I Permit Application, 
La Paz Generating Facility, October 2,2001. Changes in net power output and heat 
rate for dry and wetldry cases based on AZURE Response to Data Request A-54, 
Attach. 6, average of range summarized on Table 1. 

b Total project costs from Tables 4 and 5 adjusted to exclude supplemental duct burners. 
c Estimated from y = -4E-06 x2 + 10.617~ + 2055.2 (EPA 11/01, Table 2-19) 

for x = 134,590 gpm for the wet case and x = 58,900 gpm for the wet-dry case 
for two towers. O&M costs do not include 10% to 30% degradation in performance 
over life of wet tower. 
(EPA 11/01, p. 3-10.) 

e Response to Data Request 1-51. 

Wet Dry WeUDry - 

Plant Performance Summary Coo I i n g Cooling Cooling 

Plant Performance Summary 
Net power output, MW 

Averag ea 1,157 1,122 1,132 
Incremental (base) -36 -25 

Total fuel consumed, I O 6  Btu/hr (HHV) 
Ave rag ea 8,197 8,459 8,377 
Incremental (base) 262 180 

Cost Summary 
Cooling system capital cost ($million)b 67 62 59 

Incremental ($million) (base) -5 -8 
Cooling system O&MC ($million/yr) 2.7 0.2 1.4 
Incremental annualized costs ($million/yr) 

Cooling system capital recovery -0.5 -0.8 
Fuel 6.2 4.2 
Cooling O&MC -2.5 -1.3 
Lost electricity generation 10.5 7.5 

Incremental Cost ($million/yr) 13.7 9.7 

Incremental Cost ($/MWh) 2.02 I .42 

Plant Revenue ($miUion/yr) 340 329 332 

% of Base Revenue 4.0% 2.8% 

Basis 
Plant capacity factord 
Simple capital recovery 

Term, yrs 
Rate 
Capital recovery factor 

Fuel cost, $/IO6 Btu 
Incremental power, $/MW-hre 

0.67 

20 
7.00% 

0.0944 
4.00 

50.00 



Figure 1 
Effect of Ambient Dry Bulb Temperature on Steam Turbine Output 
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Dry Bulb Temperature (OF) ,  2000 

I + 67% Capacity -a- 100% Capacity I 

40 50 60 70 80 90 100 110 120 

Dry Bulb Temperature (OF), 2000 



Table 1 
Comparison of Cooling Water Alternatives 

~~ 

WET DRY WET-D RY 

 PERFORMANCE^ 
No Supplemental Duct Firing 

Steam Turbine Gross Base -6.8% to -10.2% -4.6% to -7.7% 
Net Power Base -1.8% to -4.3% -1.4% to -3.0% 
Net Heat Rate Base 1.9% to 4.5% 1.4% to 3.1% 

Supplemental Duct Firingb 
Steam Turbine Gross 
Net Power 
Net Heat Rate 

Base -0.4% to 2.0% -0.8 to 0.9% 
Base 0.0% to -0.1 % -0.2% to 0.2% 
Base 2.8% to 5.7% 0.9% 

ENVIRONMENTAL 
Water 

Water Use 
Wastewater 
Water Quality 

Air Emissions 
Plume Downwash 
Combustion Emissions 
PM 10 Drift 
Cooling Tower Plume Visibilitye 

Noise at 3 ft 
Mechanical 
Splash 
Composite 

Other 
Land 
Permitting 

Base 
Base 

Elevated As, F, Cr(6) 
in ponds 

Base 
Base 

46 ton/yr 
Highest 

82 dBA 
82 dBA 
92 dBA 

117 ac 
Complex 

- 90% to - 95% 
None' 
None 

No change 
4.5% to 5.7% 

minord 
None 

88 dBA 
0 dBA 
88 dBA 

2.1 ac 
Minimal 

- 40% to - 60% 
-50% 

Elevated As, F, Cr(6) 
in ponds 

No change 
0.1% to 3.1% 

20 ton/yr 
Minor 

84 dBA 
90 dBA 
91 dBA 

1.9 ac 
Complex 

 MAINTENANCE^ 
Heat Transfer Surface Life 10 yrs 30 yrs 10 yrsl30yrs 
Structure Life 15 yrs 30 yrs 15yrs/3Oyrs 

(wood) (galvanized steel) 

Cleanability Shutdown and repack On-line automatic 
Maintenance Cost High Low Medium 

Long-Term Performance Loss 10% to 30% 0% to 3% 

COSTSh 
Capital ($million) 67 78 69 
Incremental Cost ($million/yr) Base 9.7 to 13.7 0.1 to 6.6 
tncremental Cost ($/MWh) Base 1.42 to 2.02 0.02 to 0.97 

a Range corresponds to an annual average of 5g0F/60% RH to 98OF/28% RH, based on GT MASTER 

b Assumes decrease in net power output offset by supplemental duct firing coupled with high 
simulations performed by applicant for High Desert Power Project. 

backpressure turbine. Alternatively, increased steam from supplemental duct firing could be injected 
in gas turbine for power augmentation. 

c Assumes zero liquid discharge system, consisting of evaporator and crystallizer. Otherwise, reverse 
osmosis brine reject and other minor steams would have to be disposed to the ponds. 

d Potentially small amount of drft from lube oil cooling systems, de ending on design. 
e Generally significant for wet cooled plants in urban areas, but norknown to be an issue for La Paz. 
f H. Kosten and R. Wyndrum, Wet, Dry and Hydbrid Systems -- A Comparison of Thermal 

Performance, EPRl Conference on Cooling Towers and Advanced Cooling Systems, August 31, 199J4.Phyllis Fox, PhD 
g Costs from Tables 2A to 26. REVISED 12/12/2001 
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Table 1 
Comparison of Cooling Water Alternatives 

WET DRY WET-DRY 

 PERFORMANCE^ 
No Supplemental Duct Firing 

Steam Turbine Gross Base -6.8% to -10.2% -4.6% to -7.7% 
Net Power Base -1.8% to -4.3% -1.4% to -3.0% 
Net Heat Rate Base 1.9% to 4.5% 1.4% to 3.1% 

6 

Supplemental Duct Firingb 
Steam Turbine Gross Base -0.4% to 2.0% -0.8 to 0.9% 
Net Power Base 0.0% to -0.1% -0.2% to 0.2% 
Net Heat Rate Base 2.8% to 5.7% 0.9% 

ENVIRONMENTAL 
Water 

Water Use 
Wastewater 
Water Quality 

Air Emissions 
Plume Downwash 
Combustion Emissions 
PMIO Drift 
Cooling Tower Plume Visibilitye 

Noise at 3 ft 
Mechanical 
Splash 
Composite 

Other 
Land 
Permitting 

Base 
Base 

Elevated As, F, Cr(6) 
in ponds 

Base 
Base 

46 ton/yr 
Highest 

82 dBA 
82 dBA 
92 dBA 

1.7 ac 
Complex 

- 90% to - 95% 
None' 
None 

No change 
4.5% to 5.7% 

minord 
None 

88 dBA 
0 dBA 

88 dBA 

2.1 ac 
Minimal 

- 40% to - 60% 
-50% 

Elevated As, F, Cr(6) 
in Donds 

No change 
0.1% to 3.1% 

20 tonlyr 
Minor 

84 dBA 
90 dBA 
91 dBA 

1.9 ac 
Complex 

 MAINTENANCE^ 
Heat Transfer Surface Life 10 yrs 30 yrs 10 yrsl30yrs 
Structure Life 15 yrs 30 yrs 15yrsi3Oyrs 

(wood) (galvanized steel) 

Cleanability Shutdown and repack On-line automatic 
Maintenance Cost High Low Medium 

Long-Term Performance Loss 10% to 30% 0% to 3% 

COSTS' 
Capital ($million) 67 78 69 
Incremental Cost ($million/yr) Base 6.6 to 15 0.6 to 10.4 
Incremental Cost ($/MWh) Base 0.97 to 2.21 0.09 to 1.53 

a Range corresponds to an annual average of 59OF160% RH to 98'FI28% RH, based on GT MASTER 

b Assumes decrease in net power output offset by supplemental duct firing coupled with high 
simulations performed by applicant for High Desert Power Project. 

backpressure turbine. Alternatively, increased steam from supplemental duct firing could be injected 
in gas turbine for power augmentation. 

c Assumes zero liquid discharge system, consisting of evaporator and crystallizer. Otherwise, reverse 
osmosis brine reject and other minor steams would have to be disposed to the ponds.. 

d Potentially small amount of drift from lube oil cooling systems, de ending on design. 
e Generally significant for wet cooled plants in urban areas, but norknown to be an issue for La Paz. 
f H. Kosten and R. Wyndrum, Wet, Dry and Hydbrid Systems - A  Comparison of Thermal 

Performance, EPRl Conference on Cooling Towers and Advanced Cooling Systems, August 31, 1994. 
g Costs from Tables 2A to 2B. 

4 



Figure 1 
Effect of Ambient Dry Bulb Temperature on Steam Turbine Output 
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Table 2A 
Cost Comparison of Cooling Water Alternatives, 

No Supplemental Duct Firing 
(-30% to +30% Estimate) 

Wet Dry WetfDry 
Plant Performance Summary Cooling Cooling Cooling 

Plant Performance Summary 
Net power output, MW 

Averaga 
Incremental 

Averagea 
Incremental 

Total fuel consumed, I O 6  Btu/hr (HHV) 

Cost Summary 
Cooling system capital cost ($million)b 

Incremental ($million) 
Cooling system O&MC ($million/yr) 
Incremental annualized costs ($million/yr) 

Cooling system capital recovery 
Fuel 
Cooling O&MC 
Lost electricity generation 

Incremental Cost ($rnillionlyr) 

Incremental Cost ($/MWh) 

Plant Revenue ($mi I I ionly r) 

% of Base Revenue 

Basis 
Plant capacity factord 
Simple capital recovery 

Term, yrs 
Rate 
Capital recovery factor 

Fuel cost, $/IO6 Btu 
Incremental power, $/MW-hre 

1,157 
(base) 

8,197 
(base) 

67 

2.7 
(base) 

340 

0.67 

20 
7.00% 

0.0944 
4.00 

50.00 

1,122 
-36 

8,459 
262 

76 
9 

0.2 

0.8 
6.2 

10.5 

15.0 

2.21 

329 

4.4% 

-2.5 

1,132 
-25 

8,377 
180 

67 
0 

1.4 

4.2 
-1.3 
7.5 

10.4 

1.53 

332 

3.1% 

a For wet case, Black Veatch Corp. Heat Balance, August 13, 2001,Case 6, base load, 
average temperature (72 F) with duct firing as reported in Class I Permit Application, 
La Paz Generating Facility, October 2, 2001. Changes in net power output and heat 
rate for dry and weffdry cases based on AZURE Response to Data Request A-54, 
Attach. 6, average of range summarized on Table 1. 

b Total project costs from Tables 4 and 5 adjusted to exclude supplemental duct burners. 
c Estimated from y = -4E-06 x2 + 10.617~ + 2055.2 (EPA 11/01, Table 2-19) 

for x = 134,590 gpm for the wet case and x = 58,900 gpm for the wet-dry case 
for two towers. O&M costs do not include 10% to 30% degradation in performance 
over life of wet tower. 
(EPA 11/01, p. 3-10.) 

e Response to Data Request 1-51. 



Table 2B 
Cost Comparison of Cooling Water Alternatives, 

Supplemental Duct Firing 
(-30% to +30% Estimate) 

Wet Dry WeffDry 
Plant Performance Summary Cooling Cooling Cooling 

Plant Performance Summary 
Net power output, MW 

Averagea 
Incremental 

Averagea 
Incremental 

Total fuel consumed, 1 O6 Btu/hr 

Cost Summary 
Cooling system capital cost 

Incremental ($million) 
Cooling system O&MC ($million/yr) 
Incremental annualized costs ($million/yr) 

Cooling system capital recovery 
Fuel 
Cooling water O&MC 
Lost electricity generation 

Incremental Cost ($million/yr) 

Incremental Cost ($IMWh) 

Plant Revenue ($million/yr) 

% of Base Revenue 

Basis 
Plant capacity factord 
Simple capital recovery 

Term, yrs 
Rate 
Capital recovery factor 

Fuel cost, $/IO6 Btu 
Incremental power, $/MW-hre 

1,157 
(base) 

8,197 
(base) 

67 

2.7 
(base) 

340 

0.67 

20 
7.00% 

0.0944 
4.00 

50.00 

1,157 
0 

8,541 
344 

78 
I 1  

0.2 

1 .o 
8.1 

-2.5 
0.0 

6.6 

0.97 

340 

1.9% 

1,f57 
0 

8,271 
74 

69 
2 

1.4 

0.2 
1.7 

-1.3 
0.0 

0.6 

0.09 

340 

0.2% 

a For wet case, Black Veatch Corp. Heat Balance, August 13, 2001 ,Case 6, base load, 
average temperature (72 F) with duct firing as reported in Class I Permit Application, 
La Paz Generating Facility, October 2, 2001. Changes in net power output and heat 
rate for dry and wet/dry cases based on AZURE Response to Data Request A-54, 
Attach. 6, average of range summarized on Table 1. 

b Total project costs from Tables 4 and 5. 
c Estimated from y = -4E-06 x2 + 10.617~ + 2055.2 (EPA 11/01, Table 2-19) 

for x = 134,590 gpm for the wet case and x = 58,900 gpm for the wet-dry case 
for two towers. O&M costs do not include 10% to 30% degradation in performance 
over life of wet tower. 

d Average capacity factor for combined-cycle plants based on industry survey. 

e Response to Data Request 1-51. 
(EPA 11/01, p. 3-10.) 



. * .  

AN HOURS 
Chart I J obsite 

Table 3 
WET COOLING 

Preliminary - Not for Construction 

Wage 
DESCRIPTION 

Piles 
Excavati on/Backfi I I 
Pump Pits & Skid Fdns 
Cooling Tower Basins 
C.T. Pit Steel 
Cooling Towersa 
Surf Condenser 
CCW Heat Exchanger 
Circulating CW Pumps 
Auxiliary CW Pumps 
CT Makeup Pumps 
Closed Loop CW Pumps 
Chemical Injection Skid 
C.T. Fire Protection 
Water Treatment Systemb 
Evaporation Ponds - Land‘ 
Evaporation Ponds - Construction‘ 
Land for Water Rightsd 
Land for Cooling Towerse 
Water ~ u p p ~ y  Wells‘ 
Incremental Tank Costsg 
Permitting” 
Hoists-C.T. Screens @ton manual ea.) 
Piping-CWS/CWR, MU, BD 
Electrical PDC & Aux Xfmr-Equip & Bulks 
Paint (Pipe) 
Scaffolding 
Ladders 

QUANTITY 

Total 

350 
18,180 

830 
4,200 

40 

60 
60 

2,165 
1.7 

5 
12 

2 
12,430 

1 

15.63% Extended Work Week, Casual OT @ 2% 
Total Direct Field Costs 

Unit 

EA 
CY 
CY 
CY 
TON 

2EA 
2EA 
4EA 
6EA 
4EA 
2EA 
4EA 
1EA 
1EA 
1EA 

AC 
AC 
AC 
AC 
EA 
EA 

EA 
LF 
EA 

MH’s I MH’s 

2,800 3,500 
4,150 5,188 

29,820 37,275 
1,000 1,250 

10,000 12,500 
400 500 

1,200 1,500 
300 375 
130 163 
460 575 
300 375 

Rate 
$ 

$ 23.34 
$ 24.24 
$ 24.24 
$ 24.24 

$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 
$ 26.17 

1 
Proa 
Mult 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1 .a5 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

- 

1.25 
1.25 
1.25 

1.25 

- 
- 

20t 250 $ 26.17 
34,520 43,150 
14,170 17,713 

8,350 10,438 

$ 26.17 
$ 26.17 

$ 25.97 
$ 25.61 
$ 25.97 
$ 25.54 

Temp. Construction Facilities 
Constr. Svcs., Supplies, Exp. 
Field Staff, Subs. & Exp. 
Payroll, B&B, & Insurance 
Construction Equipment 
Small Tools 
Field Overhead Costs 

Commissioning 

Field Support & Construction 
H.O. Construction Support 
Project Management 
Engineering & Design 
Procurement 
H.O.Expenses 
H.O. Payroll & B&B 
H.O. Overhead Costs 

Indirect Field Costs 

Total Field Cost 

Total Home Office Costs 
Total Field and Oftice Costs 

Sales Tax 
Escalation 
Contingency 
Warranty (Allowance or %) 
Fee 

TOTAL PROJECT COSTS 

I 

107,8001 134,7501 

TOTAi 
Sub- 

Labor 
$ 

a i  ,690 
125,745 
903,546 
30,300 

327,125 
13,085 
39,255 

4,253 
15,048 
9,814 

9,814 

6,543 
1,120,606 

453,617 

266,574 
85,200 

545,833 
4,038,046 

Contract 
$ 

568,800 

6,700,000 

267,500 
4,630,000 

30,000 
7,200,000 
9,300,000 

850 
3,692,000 

50,000 
200.000 

157,000 

12,796,15C 

COSTS 

Material 
$ 

22,000 
158,500 
714,000 

60,000 

3,740,000 
208,000 

1,872,000 
270,400 
37,400 

228,800 
1 18,000 

31,200 
1,172,500 
1,417,100 

10,049,900 

166% xLabor 
1.26% x Direct Field Costs - Land Costs + indirect Field Costs 

15.00% x Total Field Cost - Subcontracts - Land Costs 

6.60% x Total Direct Field Material + 60% S/C + 10% IFC 
6.00% x Total Field & Office Costs - Land Costs + Sales Tax 
4.80% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation 

6.00% x Total Field & Office Costs - Land Costs + Escalation + Contingency 
1.1276% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation + Contingency 

Round to 

Total 
$ 

568,800 
103,690 
284,245 

1,617,546 
90,300 

6,700,000 
4,067,125 

221,085 
1,911,255 

280,214 
41,653 

243,848 

267,500 
4,630,000 

30,000 
7,200,000 
9,300,000 

850 
3,692,000 

50,000 
200,000 
37,743 

2,293,106 
1,870,717 

157,000 
266,574 
85,200 

545,833 
46,884,096 

127,814 

6,703,156 
557,631 

54,144,882 

1,802,682 
55,947,564 
2,006,262 
2,917,37$ 
2,473,937 

68,922 
3,120,482 

66,534,54E 
67.000.001 



a Costed at $25/gpm (EPA 11/01, p. 2-28) based on a circulating water flow rate of 134,590 gpm and a design 
approach of 10.88OF (Response to Data Request 1-52). See also AZURE Response to Data Request A-30, Attach-2. 

b Response to Data Request 1-500). Costs do not include high efficiency drifi eliminator. 
c 60 acres of ponds at $120,00O/acre for construction and $500/acre for land costs, based on Response to Data 

Request I-50(a). 
d Cost to purchase 2,165 acres of land to secure water rights, based on Response to Data Request I-50(i) and a 

nonrefundable option fee of $300,000 for an additional 160 acres, as reported at www.picoholdings.com/ 
A1legheny.M-m. Vidler reports the cash purchase price at approximately $9.1 million. 

e 1.7 acres x $500/acre. Land area based on Siting Application, Ex. G-I . Land cost based on Response to 
Data Request I-50(a). 

f Five 869-gpm wells, including pumps, pipeline, and installation, based on Response to Data Request I-50(e). 
Note that pump size in Response to Data Request I-50(e) is incorrectly stated as 569 gpm. Actual pump size 
would be 869 gpm, based on a maximum water demand of 6,500 ac-ftlyr (4,030 gpm). 

g The increase in the cost of tanks for a wet system, compared to a dry system, based on Response to Data 
Request 1-50(h). 

h Aquifer protection permit, based on Response to Data Request I-50(k). 

http://www.picoholdings.com


Table 4 
DRY COOLING 

Preliminary - Not for Construction 

DESCRIPTION 

Piles 
ExcavationlBackfill 
Air Cooler Foundations 
Air Cooler Pipe Support Foundations 
Pipe Supports -Tee Supports 
Air-Cooled Surface Condensersa 
ACC Mechanical Erectionb 
Land for ACCC 
Lube Oil Cooling Towers 
STGlHRSGlBFW & Cond Pumps, Base Case 
Duct Burner (supplemental firing) 
Piping Erection 
Electrical PDC & Aux Xfmr-Equip 8 Bulks 
Water supply Wellsd 
Land for Water Rightse 
Evaporation Ponds' 
Water Treatment Systemg 
Scaffolding 
Adders 
Extended Work Week, Casual OT @ 2% 

Total Direct Field Costs 
Temp. Construction Facilities 
Constr. Svcs., Supplies, Exp. 
Field Staff, Subs. & Exp. 
Payroll, B&B, & Insurance 
Construction Equipment 
Small Tools 
Field Overhead Costs 

Indirect Field Costs 
Commissioning 

Total Field Cost 

Field Support & Construction 
H.O. Construction Support 
Project Management 
Engineering & Design 
Procurement 
H.O. Expenses 
H.O. Payroll & B&B 
H.O. Overhead Costs 

Total Home Office Costs 
Total Field and Office Costs 

Sales Tax 
Escalation 
Contingency 
Warranty (Allowance or %) 

IFee 
TOTAL PROJECT COSTS 

Total Unit Mult 

240 EA 1.25 
623 CY 1.25 
136 CY 1.25 

3 CY 1.25 
4 TON 1.25 
2 E A  1.25 

2.1 AC 
4 E A  1.25 

4 E A  
1 LOT 1.25 
1 EA 1.25 
2 EA 

216.5 AC 
48 AC 

1 EA 
1.25 

15.63% 

G z z  
Chart 
MH's - 

14C 
3,21C 

8C 
8C 

200 
12,470 

1,360 

17,540 

S TOTAL COSTS 
Jobsite Wage Sub- I 
MH's Rate Labor Contract Material 

a a a 
390,000 

175 $ 23.24 4,067 
4,013 $ 24.24 97,263 23,70C 

100 $ 24.24 2,424 60C 
100 $ 25.04 2,504 4,90C 

$ 26r17 32,314,000 
9,694,200 

$ 26.17 2,000,000 

2,200,000 

1,050 

$ 26.17 3,300,000 -2,789,000 

250 $ 25.97 6,493 
15,588 $ 25.61 399,196 1,577,100 

1,020,000 
930,000 

7,440,000 
2,290,000 

1,700 $ 25.54 43,418 
13,900 
88,976 

21,925 658,240 61,578,200 -1,181,650 

166% x Labor 
1.26% x Direct Field Costs - Land Costs + Indirect Field Costs 

25.00% x Total Field Cost - Subcontracts - Land Costs 

6.60% x Total Direct Field Material + 60% S/C + 10% IFC 
6.00% x Total Field & Office Costs + Sales Tax 
4.80% x Total Field & Office Costs + Sales Tax + Escalation 

6.00% x Total Field & Office Costs + Escalation + Contingency 
1.1276% x Total Field &Office Costs + Sales Tax + Escalation + Contingency 

Round to 

Total 
a 

390,OO 
4,06 

120,96 
3,02 
7,40 

32,314,OO 
9,694,20 

1,05 
2,000,00 

51 1,OO 
2,200,oo 

6,49 
1,976,29 
1,020,oo 

930,OO 
7,440,OO 
2,290,OO 

43,41 
13,90 

61,054,79 
8 8 , ~  

1,092,67 
783,04 

62,930,51 

64,281,77 1,351,26 

2,367,72 
3,998,97 
3,391,12 

9447 
4,300,31 

78,000,OC 
78,434,3a 

a BDT quote dated 10/15/01 provided by Allegheny (Wiley 12/6/01). 
b Assumed to be provided by ACC vendor and costed at 30% of ACC Capital, based on AZURE Response to 1-28, BDT quote attached to 

c 2.1 acres x $5OO/acre. Land area based on BDT quote dated 10/15/01 provided by Allegheny (Wiley 12/6/01). 
d Two 868-gpm wells, including pumps, pipeline, and installation, based on Response to Data Request I-53(d). 
e Based on a rough water balance, about 90% of the water would be used for cooling tower makeup. The ACC would displace this demand. 

High Desert Analysis, and discussions with vendors. Assumes nonunion labor rates. 

However, about 350 gpm would still be required for boiler makeup, evaporative cooling, and miscellaneous service and sanitary uses. 
Therefore, about 10% of the water rights would be ryquired for the dry case, compared to the wet case. 

f Based on discussions with the applicant, the streams that would be routed to the evaporation pond are wastewater treatment residuals, 
sanitary wastes, and oily waters, amounting to about 30 to 60 gpm. Blowdown streams would be reused as cooling tower makeup. If the wet system 
were replaced with a dry system, treatment residuals, principally reverse osmosis reject, would still have to be disposed in the ponds. The applicant 
estimates that this would reduce pond area by 10% to 20%. Blowdown from the proposed evaporative cooling system could be eliminated by replacing 
it with a fogging system. Alternatively, the ponds could be replaced with a zero liquid discharge system, consisting of an evaporator and crystallizer. 
at a cost of about $14 million. 

fg Response to Data Request 1-53(g). 



Table 5 

Preliminary - Not for Construction 
WET-DRY COOLING 

AN HOURS 
Chart I Jobsite Wage 

DESCRIPTION 

Piles 
ExcavationIBackfill 
Pump Pits & Skid Fdns 
Cooling Tower Basins . 
Air Cooler Foundations 
Air Cooler Pipe Support Foundations 
C.T. Pit Steel 
Air-Cooled Surface Condensers 
ACC Mechanical Erectiona 
Cooling Towersb 
Surface Condenser 
Duct Burner (supplemental firing) 
CCW Heat Exchanger 
Circulating CW Pumps 
Auxiliary CW Pumps 
CT Makeup Pumps 
Closed Loop CW Pumps 
Chemical Injection Skid 
C.T. Fire Protection 
Water Treatment System' 
Evaporation Ponds - Land' 
Evaporation Ponds - Construction' 
Land for Water Rights' 
Land for Cooling TowerslACCd 
Water Supply Wells" 
Incremental Tank Costs' 
Permitting' 
Hoists-C.T. Screens @ton manual ea.) 
STGIHRSGIBFW 8 Cond Pumps, Base Case 
Piping-CWSICWR, MU, BD 
Electrical PDC & Aux Xfmr-Equip & Bulks 
Paint (Pipe) 
Scaffolding 
Adders 

' 

TOTAi 
Sub- 

Extended Work Week, Casual OT @ 2% 

Temp. Construction Facilities 
Total Direct Field Costs 

QUANTITY 

Total 

300 
71,609 

580 
2,520 

68 
2 

28 

30 
30 

1.082.5 
1.9 

12 

7,460 

15.63% 

Constr. Svcs., Supplies, Exp. 
Field Staff, Subs. & Exp. 
Payroll, B&B, & Insurance 
Construction Equipment 
Small Tools 

Unit 

EA 
CY 
CY 
CY 
CY 
CY 
TON 

2 E A  

2 E A  
2 E A  
4 E A  
4 E A  
6 E A  
4 E A  
2 E A  
4 E A  
1 E A  
1 E A  
1 E A  

AC 
AC 
AC 
AC 

3 E A  
EA 

2 E A  

LF 
1 E A  

Commissioning 

Field Suooort & Construction 
Total Field Cost 

1 I ,218 
2,910 

17,890 
1,610 

60 
700 

H.O. CoAstwction support 
Project Management 
Engineering & Design 
Procurement 
H.O. Expenses 
H.O. Payroll 8,686 

14,023 
3,638 

22,363 
2,013 

75 
875 

H.O. Overhead Costs 
Total Home Office Costs 

Total Field and Office Costs 

$ 23.34 
$ 24.24 
$ 24.24 
$ 24.24 
$ 24.24 
$ 24.24 
$ 26.17 

Sales Tax 
Escalation 
Contingency 
Warranty (Allowance or %) 

IFee 
TOTAL PROJECT COSTS 

327,28 
88,17 

542,06 
48,78 

1,81 
21,21 

7,500 

- 
Mult 

1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 

1.25 
1.25 

1.25 
I .25 
1.25 
1.25 
1.25 
1.25 

- 

1.25 

1.25 
1.25 

1.25 

$ 26.17 

400 
560 
180 
80 

390 
200 

MH's 1 MH's 1 Rate I Lafbor 

500 $ 26.17 
700 $ 26.17 
225 $ 26.17 
100 $ 26.17 
488 $ 26.17 
250 $ 26.17 

5c 63 $ 26.17 

6,001 

20,710 25,888 
18,340 22,925 

6,830 8,538 

$ 26.17 
$ 25.97 
$ 25.61 
$ 25.97 
$ 25.54 

$ 26.17 
$ 26.17 

196,27 

13,08 
18,31 
5,88 
2,61 

12,75 
6,54 

1,63 

672,29 
587,lO 

218,04 
69.10 

I 1 442,80 
88,1281 110,1601 13,275,81 

Contract 
$ 

487,50C 

14,100,OOC 
4,230,001: 
4,230,001: 

2,200,000 

840,000 
2,315,000 
I 5,000 

3,600,ooa 
4,650,000 

950 
2,215,200 

25,000 
200,000 

3,300,000 

94,200 

12,502,856 

COSTS 

Material 
$ 

22,001 
110,801 
428,40C 

1 1,9oc 
40C 

42,001 

1,760,OOC 

208,OOC 
1,169,OOC 

270,40C 
37,40C 

257,90C 
70,80C 

5,20C 

703,50C 
2,049,301 

-3,089,OOC 

4,058,OOC 

166% x Labor 
1.26% x Direct Field Costs - Land Costs + Indirect Field Costs 

15.00% x Total Field Cost - Subcontracts - Land Costs 

6.60% x Total Direct Field Material + 60% SIC + 10% IFC 
6.00% x Total Field & Office Costs - Land Costs + Sales Tax 
4.80% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation 

6.00% x Total Field & Office Costs - Land Costs + Escalation + Contingency 
1.1276% x Total Field & Office Costs - Land Costs + Sales Tax + Escalation + Contingency 

Round to 

Total 
$ 

487,501 
349,285 
198,972 
970,467 
60,682 

2,21 E 
63,21 C 

14,100,OOC 
4,230,OOC 
4,230,OOC 
1,956,275 
2,200,00c 

221.08: 
1,187,315 

276,28€ 
40,017 

270,65€ 
77,342 

840,OOC 
2,315,OOC 

15,OOC 
3,600,OOC 
4,650,OOC 

95c 
2,215,2013 

25,OOC 
200,00c 

6,83E 
21 I ,ooc 

1,375,79€ 
2,636,406 

94,20C 
218,048 

69,l OC 
442,80C 

49,836,662 

5,437,847 
637,66E 

j5,912,17€ 

1,311,50E 
57,223,682 
t,986,831 
3,272,67' 
2,775,22i 

77,316 
3,516,33E 

68,852,06$ 
69,000,001 



a Assumed to be provided by ACC vendor and costed at  30% of ACC Capital, based on AZURE Response 
to 1-28, BDT quote attached to High Desert Analysis. 

b Costed at $25/gpm (EPA 11/01, p. 2-28) based on a circulating water flow rate of 58,900 gpm and a design 
approach of 10.88'F (Response to 1-52). See also AZURE Response to Data Request A-30, Attach-2. 

c Costed at 50% of wet case. 
d Sum of 50% wet case area (I .7 ac) and 50% dry case area (2.1 ac) costed at $500/acre. 
e Costed at 3/5 of wet case. 
f Aquifer protection permit, based on Response to Data Request 1-50(k). 



12-06-2001 14:OZ From-GALLAGHER P KENNEDY 

GALLAGHER & KENNEDY 
P. A. 

AR’ORFIEYS AT LAW 

TODD C. WlLEY 

E-MAIL TCWBGI(NET.COM 
D I R ~  DIAL- (602) 530-8514 

December 6,2001 

James D. Vieregg, Esq. 
MOII~SOR & Hcckcr, L.L.P. 
Suhe 1600 
2800 N o d  Cenaal Avenue 

jdviereg@m ohe&.com 
Phoenix, Arizona 85004-1047 

MazkR Wolfe, Esq- 
  dams Broadwell Joseph & Cardozo 
Suire 900 
65 1 Gateway Boulevard 
South San Francisco, California 94080 
mw a1 fiOadamsbroadw ell .corn 

Re: Allegheny Energy Supply Company, L.L. C. 
Line Siring Docker No. L-OOOOOAA-01-OI I 

Dear Jim and Mark 

Wirh rhis lerrer, I’m enclasing &e following documents as you requested: (1) the 
October 25,2001 dry cooling bid fiom BVZ Power Paxmers, (2) the November 2,2001 dry 
cooling bid from NEPCO, (3) the October 26,200 1 dry cooling bid &om Dick 
Corporanofldiv Engineers, (4) Allegheny’s September 25,2001 lerrer IQ Bechtel Power 
Corporadon requeming an indicative dry cooling bid, and (5) AlIegheny’s September 25,2001 
emails fo Bechrel, BVZ Power Parmus, NEPCO and Utility Engineers requesting in&canvc dry 
cooling bids for rhe La P a  project. As we mentioned at rhe November hearings, Bechtel has 
requesred that we not disclose its indicauve dry cooling bid. Bechrel aurhorized Allegheny 10 
disclose rhc bid amounl($53 million) but not the wrinen bid itself. Alrbough the Unions haven’t 
requested any vendor quotes, I’ve also enclosed th6 October 10,2001 budget &om GEA Power 
Cooling Systems, Inc. and ths October 15,2001 budget &om BDT Engineering rsiating to we of 
air-coolcd condcnsers rhc La Pa2 p r o y x ~  

http://ohe&.com


12-06-2001 14:02 F rcnrGALLAGHER L KENNEDY t6025308500 T-263 P. 003/011 F-734 

James D. Vieregg, Esq. 
December 6,2001 
Page 2 

Finally, we intend 10 file our currenr exhibirs for rhz December 13-14.2001 
hearings by end ofbusiness on Friday, Decanba 7,2001. l f w e  have any addilional c a b i s ,  
we will provide copies 10 you as soon as possible. As you know, Chiur Woodall insaucrcd the 
parries 10 file their &bits well in advance of the upcoming heanngs. We ucpecr b Unions 10 
file any new exhi3irs by end of business on December 7,2001, as well. 

We appreciare your courzesy and cooperarion. 

GALLAGHER 6s KENNEDY, P.A. 

ToddC. Wiley 

TCWAmm 
1391 1-0004/973930 



12-06-2001 14:03 F ronrGALLAGHER i KENNEDY +6025308500 T-263 P 004/011 F-734 

September 25,2001 

Mr. David Gas& 
Bechtcl Power Corporarian 
5275 Weorview Drive 
Frederick. MD 21709-8306 

I Dear Mr. Garda; 

In addiuon IO the indicative bid requested by Allegheny Energy for rfie La Pa2 
Projecr, please provide an option price or price adder TO your proposd for thc insrallauon 
of air-cooltd co-ers (ACC) in lieu of cooling towers and conventional waier-cooled 
c o n d ~ n s m  (WCC). Please indicae rhe following informarion: 

0 The esnmared Increase to Auxiliary power- ACC vs. WCC 
0 DerLsre to unit at hi% ambiem remperarues - ACC vs. WCC 

Wara use - ACC vs. WCC 

A ~ O ,  please provide an oprion price or price adder for a hybrid cooling sysrem includmg 
air-cooled condensers and cooling lowers. Please d c a t e  rhe following informarim: 

0 The eshased Increase 10 Auxiliary power - Hybrid vs. WCC 
0 Derate to block at high ambient temperatures - Hybrid vs. WCC 

Wara use - Hybrid vs. WCC 

Please feel free 10 call me with any quesrions or concerns regarding rhis request. 

Thank yos 

JohnP. Anna 
EngineUing 1 Production Manager 
Allegheny Energy Supply 
Phone: 623-536-1235 

Emajl: ma. alle&enu eneray.com 
Fa: 623-535-7016 

http://eneray.com
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Melton, Jessica Mbd. 9 127 lc 
From: 
Sent: 
To: 
Subject: 

Melm, Jessica 
Tuesday. September 25,2001 4 : s  PM 
'dgaSda@DeCntel.COm' 
Additional Requesr for me La Paz RFP 

Please feel free to call me with any questions or concerns. 

Mt. Gasaa, 

price or pncc adder IO your proposal for me installauon of air cooled CondenSerS (ACC) in lieu of cooling rowers ana 
conveniional water-cooled condensen (W CC]. Please indicate me folloWinfJ informatian: 

In aaaition to me indicaDv6 bid requesred by Ailegneny Energy for Ine La Paz Project. please provide an opuon 

tha estimated Increase u] Auxiliary power - ACC vs. W CC 
derate to unit at nign ambient temperalures - ACC VS. WCC - wamr use - ACC vs WCC 

In aaaition. please provide an option price or price adder for a nyt)rid cooling system inuuding air-cooled conaensers and 
cooling towers. Please indicate me following information: 

- me esirrnared Increase to Auxiliary power - HyDrid vs. WCC 

* water use - Hybrid vs. WCC 
derate to block at high ambienr temperatures - Hybrid YS. WCC 

Thank you, 

Jonn P. Anna 
Engineering 1 Production Manager 
.Vlegheny Energy Supply 
Phone: 623-536-1235 

Cell: 623-91 0-6752 
Email: janna~alleghenyenergy.com 

Fax: 623-535-701 6 

1 
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Melton, Jessica MddQcc L'kd 4 /27/O/ 
From: 
Sent: 
lo: 
Subject: 

Mel ton ~ Jessica 
Tuesday, Seprember 25,2001 4.54 PM 
'donm@nepco.corn' 
Additional Request for La Paz RFP 

Mr. Marshall, 

In audrtion to ule indGarive bid requested by Allegheny Energy for The La Pat Project. please provide an option 
pnce or price adder to your pfOpOSal for me insfallation of air cooled condensers (ACC) in lieu of cooling IowerO and 
conventional watercoolea conaensers (WCC). Please indicare me following information: 

the estimated Increase 10 Auxilrary power - ACC US. WCC 
derate to unit at high ambient temperatures - ACC vs. WCC 

.t water u5e - ACC vs. WCC 

In additron. please provide an opnon prce or price adder for a hybrid cooling Sysrern Including air-cooled condensers ana 
cooling rowers. Please indicate the following information: 

me esIimared Increase lo Auxiliary power - Hybrid vs. WCC 
deram to block at hrqh ombisnr tornperaturecs - Hybrid WS. WCC 
water use - Hpria vs. WCC 

Please feel free to call me with any quesrions or concerns. 

Thank you, 

Jonn P. Anna 
Engineering I Pradrlaion Manager 
megneny Energy Supply 
Pnone: 623-536-1 235 
Fax: 623-535-70 1 6 
Cell: S2f910-6752 
Email: janna@aIleghenyenergy.com 

1 

mailto:janna@aIleghenyenergy.com
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From: 
Sent: 
To: 
Subject: 

Menon. Jessica 
Tuesday, SepternDer 25.2001 453  PM 
'a ppletr@bv . corn' 
Additional Request for me La Paz RFP 

Mr- Apple. 

price or prlce adder 10 your proposal for the installation of air cooled condensers (ACC) in lieu of cooling rowen and 
conventional water-cooled condensers (WCC). Please indicate the following informatan: 

in aadltron to me rndicabve bid requestea by Aliegneny Energy for me ~a Paz Projea, please proviae an optton 

me srumated Increase to Auxiliary power - ACC vs. WCC 
derate to unit at high ambient remperaarres - ACC vs. WCC 
\kaw use - ACC vs. WCC 

I 

In addition, please provide an option pnce or pnca adder for a n@nd cooling system including air-cooled condensers and 
cooling towers. Please inaicare me following infamatron: 

I 

* the esrimafeQ Increase to Auxiliary power - HybriQ vs. W CC 

wafer use - Hybrid !IS. WCC 
derate to block at nigh ambient temperatures - Hybrid vs. WCC 

I Please feel free 16 call me wish any quesrions or concerns. 

Thank you, 

John P. Anna 
Engcneenng 1 Pmduaion Manager 
Allegheny Energy Supply 
Phone: 623-536-1 235 

Ces: 623-91 a6752 
Email: janna@alIeghenyenergy.com 

Fiu: 623-535-701 6 

1 

mailto:janna@alIeghenyenergy.com
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Melton, Jessica &Q$pcll & 9/2’7/oI 
From: 
Sent 
To: 
Subject: 

Melron. Jessica 
Tuesday, September 25,2001 457 PM 
‘mark a.maes@ue-corp.corn’ 
Additional Request for La Paz RFP 

Mr. Maes, 

In aaadon to the indicative bia requested by Allegheny Energy for the La PaZ Project, please provide an option 
pnce or price aader m your proposal for me incullatton of air toolea Condensers (ACC) in lieu of coomg towers ana 
conventronal water-cooled condensers (W CC). Please indicate me following information: 

me estlmared Increase to Auxil~ary power - ACC vs. WCC 
* derate 10 untf at nign ambient temperatures - ACC vs WCC 

water use - ACC vs. WCC 

In aadition. please provide an option price or price adder for a hybnd cooling sysrem inclrtding air-coaled condensers and 
cooling towers. Please indicate me following information; 

me estmated Increase u) Auxiliary power - Hybria vs. WCC 
dorare Ke black a1 high amoienr umperstures - Hyorid vs. Wcc 
water use - Hybrid VS. W CC 

please feel free IO call me wirh any questions or concerns. 

Thank you. 

John P. Anna 
Engineering I ProQuckan Manager 
Allegneny Energy Supply 
Phone: 623-536-1 235 

Cell: 623-91 0-6752 
Email. janna~allegnenyenerQy.com 

F~x:  623-531701 6 

1 
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GEA Power Cooling 
Systems, Iac. 

ALL DRY AIR COOI,ED CONDENSER 
B u d e m  Inf O l R Z U i O a  

Ref. No.: 2831 

FaxNa: 9134584934 

5 
32 ft 

273 A. x 195 R 
67 A. 
108 A. 

4225 kW 
Wbp 
16.6 h 

A 
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Black B Vearch Corporatjon 
W O  Ward Parkway 
Kansas City, Missouri 641 14 
Anention Mr. Jim BryaM <&ryantjmb.canr> 

Tampa October ’l5,2001 

We propose wr rtandard A-frame arrangement in order ta minimire plw ama. 

& you become more focrtsed in your effort ana can provide us with more job sPec;ific informalion. we will be 
p l e d  to provide you with a more detailed quotalion. 

In the meanwhile, we hope that the provided information it that which you need to suppart your needs. 
Plea- feel froe IO call me if you have any questions reganling the ACC. . 

. .  

Best Regarrfs, 
Helmut Volkinsfeld 
BPT Engineering 
Tampa. R, USA 
813-342-4908 Voice 
813-342-7908 F a  
f T v o l ~ n s f 8 M @ c e r m m  

ACC DESIGN coNum 04 

Ghalrst Steam Enthalpy W b  1.122 
Turbine Exnaud Pressure inch Hq 5.9 
Inlet Air Dry Bulb Tempraturn F 101.5 
Site Elevation A 1,344 

Total Exhausl steam Row Iblh 1,673,850 

PCC RATl NO CASE 
Tosal l541aust Meom Row ~bm 1 ,O7O,QlO steam Qualiry 98% 
Exhaust Steam hhalpy  BtJlb - 
Tumine Exhaus Pressure “gA 
Inlet fir Dry Bulb Tempemurn F 

5.78 
101.5 

4CC DESI GN S- cnoN 
Number of Module5 36 
Module Arrangement 
Plot Arrangement 
Orive Equipfn6nt 
Sound P M W n  Level 
fmal Design Fan Power 

F o m  Drafs 6 Sveers of 6 Moaules 
212 tl Lx218 ft W x  115 R H 
36 each. 30 ft &al Fans, ZOO/ 50 HP Mown, TWO speed 
6OdSv\) @ 400 f t  from ACC PBrimHeF 
4300 MN Q Motor Input Terminals 

A 
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AIR COOLED CONDENSER PRICE 
Terms: 

QuaatSon Validity: - 
M8tWi8l p6liVw: 
Docummtt 
Payment: 

BDT Engineering's T e r n  & Conditions (AvailaDla upon ruquest) 

Starting about 3848 week (starting) frpm AppfcsVd Of Basic Engineering 

20% dawnpayment and pmgmss payments based On srJlgine8rfng and marerial 
deliverables 

Price Bask 6-H (+I- 10%) 

Mechanical Erection Advkory %Vice 

Commissioning Advisory Senrice 

8 16,070,wO Us 
$ By Eredon Comaor 

$54,000 (8 Weeks, If e m i o n  by OShSK) 

s 12,000 (2 Weeks) 



- .  
Ocmbor 26,2001 

I 
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PRICING , 
I 

~ FPC ProDosal 

f 305.609 
Til: OpKW 2 - 
Tu: Option3 25.Ooq 

nt Optian 1 

Hybrid Cooling System 50% Chling T o e  50% ACC 
100% Capacity Air coclcd Condaasas 

332.20QJQQ 
f45.7QO. OQQ 
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BASIS OF BID 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

- 9. 

IO. 

11. 

13. 

14. 

15. 
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BASIS OF. BID 
16. 

17. 

18. 

19. 

21. 

22. 

23. 

24. 

2s. 

26. 

27. 

prtparatiarr of  0- Mapuals for cqurpmcns muppliad by ehc Owntr, Le. CTG and 
STG i o  not incIuded 

For rempomq POW and lighting rpquix\.mrcnrs &Iring the c o ~ o n p e r i o d ,  our 
pricing is based up00 a 5504 KVA (3000 W A  at Power Block Na. 1 and 2500 KVA 
clt. Power Block No. 2) at 13.8 KV gome or tie point being made avdable w i d h  
appm-y %a& from the new 500 KVA Switchyard b We have included 
power usage wsrs during rhit cnnatcuuim period. 

We ex&& all farnrahings far &e Adminisaatian Bruldin@mxrol Roam. 

. 

Basaprice dots natinsiude hxnshbg of the four (4) Hcar Recovery S t e m  
Genesatna (HRSG'Q, howevet brroe pdciag dose include d o n  Opficm pricing is 
provided ro furmsh rhe HRSO's. 
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BASIS OF BID 

28. 

29. 

30. 

31. 

3 2  

33. 

34. 

3s. 

Evaporauon pond design and conmructiolr will vary fiom tho URS Drrwings M 

ohcrwn on URS Drnwing No. 5 Reviaion A and URS Dnwing No. 2 Revision k The 
pond ~aforarad =E cobaion pipe will be a sh& pipe in cach pond VBXSU 
numcrinu p i p  as nhom by rhc URS Drawing No. 5 ReviSian A ESvsporstian Pond 
A PIan. A concmc pump 6uucmrc will be used in piace of the 18" diiarcwu andbe 
pipe shown on Drawing No- IO Revirion A coll#tion sump d d .  

A sira Sanira~~ Septic System will be used ialitu of a Saniuiry "reamwr F a d h .  

Sirt dmiuagc will k by rrhectfbw. 
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BVZ Power Partners 

la@wOa Aweflue 11401 Lamar Avenue Ovsnrna Park. Kansas 6621 i 
(91 3) 4562000 

San Anranlo. Texas 78221 
(21 0) 47SeO50 

Allegheny Energy Supply 
La Paz Generaling Facility 

BVZ Project 02087.901 I 
BVZ File 1 1 .02O 1 
October 25. 2001 

Allegheny Energy Supply 
14722 West McDoweii Road - Suin 201 
Goodyear, AZ a5338 

SuDjjsCt. Air Cooled Condenser Configuration 

Atrenrion: Mr. Jonn P. Anna 
EngineeringlProduction Manager 

Gentlemen: I 
In accordance wirh your request, BVZ is pleased to provide the estimated pncing differential 
beheen the dry cooling ar w o l d  mndenser plant ConfiguFation versus rhe base proposal 
wet cooling tOwer plan1 configuration. The changes required to the plan1 for diy cooling 
versus wet Cooliqg are Surnrnarizea below. 

hdditions , 

Air cooled condensers (35 cells per ACC) 
Duct work for ACCs 
Air cooled closed cycle cooling warer sysrem (fin fan coolers) 
Condensate polishing system 
ACC switchgear/MCC enclosure 

0 Area lighting for me ACCs 
0 Cable, conduit, and cable tray 

pe ietions 
0 Surface condensers 
0 Nater caoled auxiliary cooling water system 

Caoirng rowers 
s Circularing water pip2 
0 Circulatrng water and coolmg tower makeup pumps 

Circulating watar chsmical feed system 

I 
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I Allegneny Energy Supply October 25,2001 
~ Ajr Cooled Condenser Configuration Page 2 

* '. 

C h an aeq 
SVvPC has indicarea that me steam tumine should be changed from a KN stde exhaust 
IO an HE aial exhausr fQ accommodate me nigher back pressure from ACCs and allow 
for a more cos1 effectrve equipment arrangement (cost delta for STG by Owner) 

0 Reduce raw water stwage tank size 
Reduce sue of water pretreatment sytrem 
Reduce sze of waste wafer treatment system 

w Approxlmately a 10% Qecraase in the evaporation pond S i t e  
0 Increase size of auxiliary electric system 

Tne unit auxiliary transformer will be mne winding in ltau of two winding UAT 
0 Two double ended medium volrslgt switchgear in lieu of one double ended swircngear 

DCS cost increases dU0 to additional 110 count and screen grapnic addttlons 

It shoula be noted that we have nor studied me impacts 10 the site arrangemenr in detall but 
mere could b e  a problem fining the new arrangemenr in Ma space avaiMbl8 for we base 
praposal. The estimared pricing is based on using rhe SWPC HE axial flow STG 
arrangement Also, we have not addressecl performance in derail at rhrs time but there will 
certainly be an impact on performance of We plant 

The total price differential for two power blocks is esrimated lo be $58,000,000 higher for dry 
cooling. 

If you have any questions of comments, please give me a call at 91 348-7220. 

very tnrly yours, 

Terry R. Apple 
Senior Proposal Manager 

TRA 
Enclosures 



I -  
I 
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EXHIBIT b 

K E N N E T H  D. S C H M I D T  A N D  ASSOCIATES 
G R O  U N D W A T E  R Q U A  LlTY C 0 N SU L T A N T S  T-% 
7227 N O R T H  1 6 T H  S T R E E T ,  SUITE 105 

PHOENIX, ARIZONA 85020 

602-997-7074 v 

December 10, 2001 

Ms. Laurie Anne Woodall 
Chair, Arizona Power Plant and 
Transmission Line Siting Committee 
Office of the Attorney General 
1275 West Washington 
Phoenix, AZ 85007-2997 

Re: La Paz Generating Station 

Dear Ms. Woodall: 

I have reviewed the correspondence of November 21, 2001 to you 
from Joseph C. Smith, Director of ADWR. Following are my comments 
on this letter. 

Issue No. 1 

My testimony did not question the utility of the Harquahala 
Valley Numerical Ground Water Model for simulating regional ground- 
water conditions. Rather, the main question that I raised was the 
accuracy of this model in predicting the drawdown due to pumping 
from the La Paz G. S. well field. I testified that aquifer testing 
at the site would provide a much more accurate estimate of aquifer 
characteristics (and thus the drawdown) than the model. Only one 
aquifer test in the entire Harquahala Valley was referenced in the 
Harquahala Valley Numerical Ground Water Flow Model report 
(HydroSystems, Inc., 1999, page 3-12). This test was for Well (B- 
4-12) 9acc, located in the northwest part of the Valley, far from 
the project site. Experience in other central Arizona alluvial 
basins indicates that in some cases model-derived values for 
aquifer transmissivity can differ by more than 50 percent from the 
actual values determined from aquifer tests. 

On Page 4-12 of the Harquahala Valley Numerical Ground Water 
Flow Model report, it was stated that "The Harquahala Valley model 
is a regional model that is intended to represent hydrologic 
conditions on a basin-wide scale, not on a small scale" (i.e. such 
as at and near the well field). 

EXHIBIT 1-20 



KENNETH D. SCHMIDT AND ASSOCIATES 
G R O U N D W A T E R  QUALITY C O N S U L T A N T S  

2 

On Page 4-15 of the same report, it was stated: "The numerical 
model solution is a non-unique solution... This problem is parti- 
cularly prevalent in areas of little aquifer data." A non-unique 
solution means that the calibrated values of some parameters could 
be wrong. 

On Page 4-27 of the Harquahala Valley Numerical Ground Water 
Flow Model report, it was stated: 'One localized area that the 
model did not represent well is the area of the MBT Ranch 
properties in T3N, RllW (at and near the project site). 

Field Data 

A n  aquifer test would provide the field data necessary to 
estimate the aquifer parameters as recommended in the Harquahala 
Valley Numerical Ground Water Flow Model report. 

On Page 4-32 of the Harquahala Valley Numerical Ground Water 
Flow Model report, it was stated: "Because the model is moderately 
sensitive to hydraulic conductivity, it would be beneficial to have 
a better distribution of actual field data to estimate hydraulic 
conductivity.. .". 

On Page 4-35 of that report it was stated: "Pumping tests can 
be conducted throughout the basin to collect additional data in 
order to refine the specific storage and specific yield values used 
in the calibrated model". 

My opinion is that an aquifer test or tests at the project 
site would provide much better estimates of drawdown from pumping 
at the La Paz G. S. well field than does the Harquahala Valley 
Numerical Ground Water Flow Model. 

Please call me if you have any questions. 

Sincerely yours, 

Kenneth D. Schmidt 
KDS/jw 
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ACC Staff Transmission Assessment 

References: 

1. Jorge Chacon, consultant for Southern California Edison Company, “Interconnection Study 
System Impact Study,” Allegheny Energy Supply Company, Allegheny Power Project, 
October 19,2001. 

2. Asher Emerson and Jerry D. Smith, Arizona Corporation Commission Staff, “Revised 
Biennial Transmission Assessment 2000-2009,” revised July 200 1. 

Southern California Edison Studv Results: 

0 Existing transmission facilities are inadequate to accommodate the Allegheny Power Project. 
The Allegheny - Devers and Palo Verde - N. Gila 500 kV transmission lines are loaded in 
excess of their respective nameplate ratings as limited by series capacitors. 
The Allegheny Power Project will have an adverse effect on the amount of existing East Of 
River (EOR) and West Of River (WOR) generation that can be scheduled for import to 
Cali forni a. 
Southern California Import Transmission (SCIT) limit of 13,200 MW can be maintained by 
re-dispatching generation from EOWWOR to Midway - Vincent. 

0 

0 

The above transmission power flow inadequacies exist even though all new generation proposed 
at the Palo Verde Hub (- 8,000 MW) was ignored. Failure to model such new generation 
resulted in there being no stability violations for a Palo Verde fault clearing both Westwing - 
Palo Verde 500 kV lines (see case 8 and 9, Table 3-1). Power flow problems occur even with 
1260 MW of existing generation displaced at Palo Verde, Navajo, Mohave or other existing local 
Arizona power plants. Other study deficiencies in conflict with ACC Staff requirements: 

a. Allowing use of remedial action schemes for base case and single contingencies (N-1) 
outages and 

b. No identification or investigation of transmission enhancements required to enable reliable 
delivery of Allegheny Power Project energy to some market without displacing apriori 
generation (existing or proposed with an ACC approved Certificate of Environmental 
Compatibility). 

Revised Biennial Transmission Assessment: 

Palo Verde Interconnection Studies have shown that the Palo Verde Hub is stability limited by 
the clearing of the two Palo Verde - Westwing 500 kV lines for a Palo Verde fault. 
0 The existing Palo Verde transmission system can accommodate the interconnection of up to 

3360 MW of new generation depending on the number of units in operation. 
With the addition of the Palo Verde - Southwest Valley 500 kV line proposed for June 1, 
2003 the amount of new generation that can be interconnected at Palo Verde is 4850 MW. 

JDS: LaPazXmn.doc Page 1 January 9,2002 
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With the upgrade of the Palo Verde - Kyrene and Palo Verde - North Gila 500 kV lines and 
the new Palo Verde - Southwest Valley Transmission line 6050 MW of new generation can 
be interconnected at Palo Verde. 

Additional Palo Verde transmission enhancements will be required to accommodate the 
approximately 8,000 MW of new generation proposed for interconnection at Palo Verde. Until 
such transmission enhancements are achieved there will be approximately 2000 MW of new 
generation stranded at the Palo Verde Hub. 

ACC Staff Conclusions: 

Based upon the above study results Staff can no longer support the Allegheny Power Project 
without new transmission lines out of the Palo Verde Hub to resolve known stability constraints. 
Allegheny Energy Supply has not provided technical studies to Staff showing the impact of any 
project related new transmission lines on the existing or planned Arizona transmission system. 
Since Allegheny has proposed an in service date of 2004 for their project, there is not sufficient 
lead time to identify, study and site transmission lines required for their project. Therefore, Staff 
cannot support Arizona Power Plant and Transmission Line Siting Committee approval of a CEC 
for the Allegheny Power Project. 

JDS: LaPazXmn.doc Page 2 January 9,2002 
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11. 

Allegheny Power Project 
ACC Staff Proposed Conditions 

Prior to construction of any facilities approved part of this CEC, Applicant must provide 
Staff a technical study report approved by the Palo Verde E&O Committee. That report must 
demonstrate that the proposed Allegheny project has no adverse impact on the existing or 
planned Arizona transmission system and no adverse impact on the ability of existing or 
planned generation, with an ACC approved CEC, interconnecting at the Palo Verde Hub to 
deliver to their markets. If transmission improvements are required to achieve such technical 
demonstration, Applicant agrees to participate in the funding of such required improvements 
and ensure that construction of such improvements precedes commercial operation of the 
plant. Failure of such study to demonstrate a condition of no adverse impact on Arizona 
transmission and generation facilities shall result in Applicant’s CEC being null and void. 

12. Applicant agrees to participate in all future workshops and technical studies regarding the 
reliability and system security of the Palo Verde Hub. Furthermore, Applicant agrees to 
participate in funding of any and all transmission upgrades deemed necessary by Arizona 
transmission providers and Commission Staff to bring the Palo Verde Hub to the level of 
reliability and system security determined appropriate for a large commercial hub. 

40. Applicant shall provide the Commission with a Palo Verde E&O approved operational study 
not more than 90 days preceding and not less than 60 days preceding commercial operation 
of its power plant. That study shall demonstrate that sufficient transmission capacity exists at 
the Palo Verde Hub to accommodate the plant without reliance on remedial action schemes 
for single contingency outages. The studies shall model the Applicant’s plant overlaid with 
all other power plants expected to be in operation and interconnected to the Palo Verde Hub 
prior to Applicant’s plant. Failure of such studies to demonstrate the required reliable 
operation with Applicant’s plant will result in Applicant’s CEC for the plant being null and 
void. 

NNN 
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Staffs Recommended Version of CEC should 
Committee decide to approve Allegheny/La Paz 

BEFORE THE AR JZONA POWER PLANT 

LINE SITING COMMIT’ 

IN THE MATTER OF THE APPLICATION OF 
ALLEGHENY ENERGY SUPPLY COMPANY, LL( 
FOR A CERTIFICATE OF ENVIRONMENTAL 
COMPATIBILITY FOR CONSTRUCTION OF A 
1,080 MW (NOMINAL) GENERATING FACILITY 
IN SECTION 35, TOWNSHIP 3 NORTH, RANGE 
1 1  WEST IN LA PAZ COUNTY, ARIZONA AND 
AN ASSOCIATED TRANSMISSION LINE AND 
SWITCHYARDS BETWEEN AND IN SECTION 35 
TOWNSHIP 3 NORTH, RANGE 1 1  WEST AND 

1 1  WEST ALSO IN LA PAZ COUNTY, ARIZONA. 
SECTIONS 23-26, TOWNSHIP 3 NORTH, RANGE 

AND TRA 

TEE 

.NSMIS SION 

EXHIBIT 

DOCKET NO. L-OOOOOAA-01-0116 

CASE NO. 116 

CERTIFICATE OF ENVIRONMENTAL COMPATIBILITY 

Pursuant to notice given as provided by law, the Arizona Power Plant and 

Transmission Line Siting Committee (the “Committee”) held public hearings in Parker and 

Phoenix, Arizona, on September 4,2001, November 13-14,2001, December 13-14,2001, and 

January 15-16,2002, in conformance with the requirements of Ariz. Rev. Stat. fj 40-360, et. seq., 

for the purpose of receiving public comment and evidence and deliberating on the application of 

Allegheny Energy Supply Company, LLC, or its assignees (“Allegheny” or “Applicant”), for a 

Certificate of Environmental Compatibility (“Certificate”) authorizing construction of a 1080 

MW (nominal) generating facility and an associated transmission line and switchyards in La Paz 

County, Arizona (the “ProJect”), all as more particularly described and set forth in the 

Application (the “Application”). 

- 

The following members and designees of members of the Committee were 

present on one or more of the hearing days: 

EXHIBIT A 



c 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

l i  

18 

15 

2( 

21 

2; 

2: 

Laurie Woodall 

Richard Tobin 
Gregg Houtz 
Ray Williamson 
Mark McWhirter 
Michael Palmer 
Jeff McGuire 
Wayne Smith 
Sandie Smith 
Michael Whalen 

Chairman, Designee for Arizona 
Attorney General, Janet Napolitano 
Department of Environmental Quality 
Department of Water Resources 
Arizona Corporation Commission 
Department of Commerce 
Appointed Member 
Appointed Member 
Appointed Member 
Appointed Member 
Appointed Member 

Applicant was represented by Michael M. Grant and Todd C. Wiley of 

Gallagher & Kennedy, P.A. Arizona Corporation Commission Utilities Division Staff (“Staff ’) 

was represented by Christopher C. Kempley and Jason D. Gellman. Intervenor Arizona Unions 

for Reliable Energy (“Unions”) was represented by James D. Vieregg of Momson & Hecker, 

L.L.P. and Mark R. Wolfe of Adams, Broadwell, Joseph & Cardozo. La Paz County, by its 

County Attorney R. Glenn Buckelew, filed a notice of limited appearance in support of the grant 

of Allegheny’s Application. 

At the conclusion of the hearing, after consideration of the Application, the 

evidence and the exhibits presented, the comments of the public, the legal requirements of Ariz. 

Rev. Stat. $ 5  40-360 to 40-360.13 and in accordance with A.A.C. R14-3-213, upon motion duly 

made and seconded, the Committee voted to make the following findings and to grant Allegheny 

the following Certificate of Environmental Compatibility (Case No. 1 16): 

The Committee finds that the record contains substantial evidence regarding the 

need for an adequate, economical and reliable supply of electric power and how the Project 
- 

would contribute towards satisfaction of such need without causing material adverse impact to 

the environment. 

Applicant and its assignees are granted a Certificate authorizing the construction 
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3f a 1,080 MW (nominal) electric generating plant as more particularly described in Section 

4(a)(i) of the Application and an associated 500 kv transmission line and switchyards as more 

particularly described in Section 4(b)(i) of the Application and Exhibit G-7. In addition to the 

Avenue 75 East alignment, Applicant also is granted two alternative routes for the associated 500 

kv transmission line and interconnection switchyard to and along the section lines one mile east 

and one mile west of Avenue 75 East to the point of interconnection with the Devers-Palo Verde 

transmission line. Applicant shall use its best efforts to construct the associated 500 kv 

transmission line along either of those alternative routes. 

This Certificate is granted upon the following conditions: 

1. Applicant and its assignees will comply with all existing applicable air and 

water pollution control standards and regulations, and with all existing applicable ordinances, 

master plans and regulations of the state of Arizona, the county of La Paz, the United States and 

any other governmental entities having jurisdiction, including but not limited to the following: 

a. all zoning stipulations and conditions, including but not limited to 
any landscaping and dust control requirements and/or approvals; 

b. all applicable air quality control standards, approvals, permit 
conditions and requirements of the Arizona Department of 
Environmental Quality (“ADEQ”) and/or other State or Federal 
agencies having jurisdiction, and the Applicant shall install and 
operate selective catalytic reduction and catalytic oxidation 
technology at the level determined by the ADEQ. The Applicant 
shall operate the Project so as to meet a 2.5 ppm NOx emissions 
level, within the parameters established in the Title V and PSD air 
quality permits issued by ADEQ. Applicant shall install and 
operate catalytic oxidation technology that will produce carbon 
monoxide (“CO”) and volatile organic compound (“VOC”) 
emission rates determined as current best available control 
technology (“BACT”) by ADEQ; 

c. all applicable water use and/or disposal requirements of the 
Arizona Department of Water Resources (“ADWR’), Section 6- 
503 of ADWR’s Third Management Plan and the applicable 
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ADEQ water use and discharge regulations; 

all applicable regulations and permits governing transportation, 
storage and handling of petroleum products and chemicals. 

d. 

2. Allegheny shall construct a 100 KW solar photovoltaic array for use in 

conjunction with the Project’s electricity use requirements. Allegheny will also participate in 

future solar workshops conducted by the Commission. 

3. Subject to the availability of Central Arizona Project (“CAP”) water an1 

delivery facilities, Allegheny will acquire over the next 30 years directly, through another or by 

contract with the Arizona Water Banking Authority (“AWBA”) an aggregate amount of 30,000 

acre feet of CAP water or that aggregate amount of water which may be acquired with $3 

million, whichever is less. The water acquired is intended to be recharged at the Vidler Recharge 

Facility (“Vidler”), but may be recharged elsewhere by the Applicant or AWBA. Water 

recharged shall not be subject to withdrawal by Applicant. Allegheny may also meet all or a 

portion of its obligation hereunder by acquiring on another person or entity’s behalf CAP water 

to be used in lieu of groundwater which would have been withdrawn and used by such person or 

entity. If Allegheny has used or recharged CAP water in relation to the Project’s water needs, 

the amount of such use or recharge shall be treated as a credit against Applicant’s obligation 

under this condition. 

4. Applicant may withdraw groundwater for electrical generation and related 

uses in amounts as specified in A.R.S. 5 45-440. 
- 

5 .  In consultation with the Arizona Department of Water Resources, 

Allegheny will develop a monitoring program of monument inspection and information 

gathering from agencies with infrastructure or jurisdiction near the plant site concerning 

subsidence. The data gathered pursuant to the monitoring program shall be regularly reported to 
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he Department and Commission. 

6. In the year following the commeiicemeiit of groundwater withdrawals in 

-elation to the Project, Applicant shall submit annual reports to the Arizona Department of Water 

iesources pursuant to A.R.S. 45-437.C. 1 reporting the quantity of groundwater withdrawn and 

he Notice(s) of Authority appurtenant thereto. 

7. Authorization to construct the facility will expire five years from the date 

.he Certificate is approved by the Arizona Corporation Commission unless construction is 

:ompleted to the point that the facility is capable of operating at its rated capacity by that time; 

x-ovided, however, that prior to such expiration the facility owner may request that the Arizona 

Corporation Commission extend this time limitation. 

77 D1 8. . I 1  

.. 
\“I 3 

. .  1 Applicant shall build two transmission lines 

connecting the Applicant’s plant switchyard to the transmission switchyard on separate 

structures separated by a minimum of 200 feet. 

9. Applicant’s plant interconnection must satisfy the Western Systems 

Coordinating Council’s (“WSCC”) single contingency outage criteria (N- l), planning criteria 

for CAL I S 0  and , and all applicable local 

utility planning criteria without reliance on remedial action such as, but not limited to, reducing 

generator output, i+dwaqg generator unit tripping or load shedding. 
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10. The Applicant's plant switchyard shall utilize a breaker and a half scheme. 

1 1  D m. 
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Prior to construction of any facilities approved as part of this CEC, Applicant must 

provide Staff a technical study report that must demonstrate that the proposed Allegheny 

project has no adverse impact on the existing or  planned Arizona transmission system and 

no adverse impact on the ability of existing or  planned generation, with an ACC approved 

CEC, interconnecting at  the Palo Verde Hub to deliver to their markets. If transmission 
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improvements are required to achieve such technica demonstration, Applicant agrees to 

participate in the funding of such required improvements and ensure that construction of 

such improvements precedes commercial operation of the plant. Failure of such study to 

demonstrate a condition of no adverse impact on Arizona transmission and generation 

facilities shall in result in Applicant’s CEC being null and void. 

1 3  A 
I I  
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Applicant agrees to participate in all future workshops and technical studies regarding the 

reliability and system security of the Palo Verde Hub. Furthermore, Applicant agrees to 

participate in funding of any and all transmission upgrades deemed necessary by Arizona 

transmission providers and Commission Staff to bring the Palo Verde Hub to the level of 

reliability and system security determined appropriate for a large commercial hub. 
- 

13. Applicant will become and remain a member of WSCC, or its successor, 

and file an executed copy of its WSCC Reliability Management System (RMS) Generator 

Agreement with the Commission. Membership by an affiliate of Applicant satisfies this 
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condition only if Applicant is bound by the affiliate’s WSCC membership. 

14. Applicant shall apply to become and, if accepted, thereafter remain a 

member of the Southwest Reserve Sharing Group or its successor, thereby making its units 

available for reserve sharing purposes, subject to competitive pricing. 

15. Applicant shall offer for Ancillary Services, in order to comply with 

WSCC RMS requirements, a total of up to 10% of its total plant capacity to (A) the local Control 

Area with which it is interconnected and (B) Arizona’s regional ancillary service market, (i) once 

a Regional Transmission Organization (RTO) for Arizona is declared operational by FERC 

order, and (ii) until such time that an RTO is so declared, to a regional reserve sharing pool 

serving Arizona. 

16. Within 30 days of the Commission decision authorizing construction of 

this project, Applicant shall erect and maintain at the site a sign of not less than 4 feet by 8 feet 

dimensions, advising: 

a. That the site has been approved for the construction of a 1,080 MW 

(nominal) generating facility; 

b. 

C. 

The expected date of completion of the facility; and 

Phone number for public information regarding the project. 

In the event that the Project requests an extension of the term of the certificate prior to completion 

of the construction, Applicant shall use reasonable means to directly notify all landowners and 

residents within a one-mile radius of the Project of the time and place of the proceeding in which the 

Commission shall consider such request for extension. Applicant shall also provide notice of such 

extension to La Paz  County. 

17. Applicant shall first offer wholesale power purchase opportunities to credit- 
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worthy Arizona load-serving entities and to credit-worthy marketers providing service to those 

Arizona load-serving entities. 

18. Pursuant to applicable Federal Energy Regulatory Commission (“FERC”) 

regulations, Applicant shall not knowingly withhold its capacity from the market for reasons other 

than a forced outage or pre-announced planned outage. Allegheny shall not be required to operate 

its Project at a loss. 

19. In connection with the construction of the project, Applicant shall use 

commercially reasonable efforts, where feasible, to give due consideration to use of qualified 

Arizona contractors. In addition, Allegheny shall encourage the hiring of qualified local employees 

in connection with construction and operation of the Project. 

20. Applicant shall continue to participate in good faith in state Arizona and 

regional transmission study forums to identify and encourage expedient implementation of 

transmission enhancements, including transmission cost participation as appropriate, to reliably 

deliver power from the Project throughout the WSCC grid in a reliable manner. 

2 1. Applicant shall participate in good faith in state Arizona and regional 

workshops and other assessments of the interstate pipeline infrastructure and agree to facilitate 

such workshops if the Duke I1 facility (case no. 117) does not proceed with construction. 

22. Applicant shall pursue all necessary steps to ensure a reliable supply and 

delivery of natural gas for the Project. 
- 

23. Within five days of Commission approval of this CEC, Applicant shall 

request in writing that El Paso Natural Gas Company (“El Paso”) provide Applicant with a written 

report describing the operational integrity of El Paso’s Southern System facilities fiom mileposts 

660-670. Such request shall include: 
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a. A request for information regarding inspection, replacement andor 

repairs performed on this segment of El Paso’s pipeline facilities 

since 1996 and those planned through 2006; and 

An assessment of subsidence impacts on the integrity of this segment b. 

of pipeline over its h l l  cycle, together with any mitigation steps 

taken to date or planned in the future. 

Applicant shall file El Paso’s response under this docket with the Commission’s Docket Control. 

Should El Paso not respond within thirty (30) days, Applicant shall docket a copy of Applicant’s 

request with an advisory of El Paso’s failure to respond. In either event, Applicant’s responsibility 

hereunder shall terminate once it has filed El Paso’s response or Applicant’s advisory of El Paso’s 

failure to respond. 

24. Applicant shall operate the Project so that during normal operations the 

Project will not exceed (i) U.S. Department of Housing and Urban Development (“HUD”) or 

Federal Transit Administration (“FTA”) residential noise guidelines or (ii) Occupational Safety 

and Health Administration (“OSHA”) Worker Safety Noise Standards. 

25. Applicant will use low profile structures and stacks, non-reflective and/or 

neutral colors on surface materials and low intensity directive/shielded lighting fixtures to the 

extent feasible for the Project. Applicant shall use monopoles for the associated 500 kv 

transmission line to the point of interconnection with the Devers-Palo Verde transmission line. 
- 

26. Allegheny will fence the generating facility and evaporation ponds to 

minimize effects of plant operations on terrestrial wildlife and will keep the berms surrounding 

the evaporation ponds clear of vegetation to limit pond attractiveness to birds. 

27. In consultation with the Arizona Game & Fish Department, Applicant will 
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levelop a monitoring and reporting plan for the evaporation ponds. The plan will include the 

ype and frequency of monitoring and reporting to the Game & Fish Department and the U.S. 

;ish and Wildlife Service. Should any issues arise as a result of the monitoring and reporting 

)lan, Applicant shall work with the United States Fish and Wildlife Service and the Arizona 

Same and Fish Department to develop screening or other methods to protect wildlife from h a m  

it the Project's evaporation ponds. 

28. Allegheny will continue cactus ferruginous pygmy owl surveys through 

the Spring of 2002, based on established protocol. If survey results are positive, the U.S. Fish 

md Wildlife Service and Arizona Department of Game and Fish will be contacted immediately 

for further consultation. 

29. Allegheny will retain a qualified biologist to monitor all ground 

clearing/disturbing construction activities. The biological monitor will be responsible for 

ensuring proper actions are taken if a special status species is encountered (e.g., relocation of a 

Sonoran desert tortoise). 

30. Applicant will salvage mesquite, ironwood, saguaro and palo verde trees 

removed during project construction activities and use the vegetation for reclamation in or near 

its original location and/or landscaping around the plant site. 

3 1. Allegheny will retain an Arizona registered landscape architect to develop 

a landscape plan for the perimeter of the generating facility. The landscape plan will use native 

or other low water use plant materials. The Applicant will continue to consult with La Paz 
- 

County regarding the landscape plan. 

32. Allegheny will use a directional drilling process to bore under Centennial 

Wash in constructing the gas pipeline to minimize potential impacts to the mesquite bosque 
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33. The Applicant will continue to consult with La Paz County in relation to 

ts comprehensive planning process to develop appropriate zoning and use classifications for the 

irea surrounding the Project. 

34. Allegheny will use its best efforts to avoid the two identified cultural 

-esource sites. If Sites AZ S:7:48 and 49 (ASM) cannot be avoided by ground disturbing 

ctivities, the Applicant will continue to consult with the State Historic Preservation Office to 

resolve any negative impacts which usually entails preparing and implementing a data recovery 

research design and work plan. 

35. If a federal agency determines that all or part of the Project represents a 

federal undertaking subject to review under the National Historic Preservation Act, Allegheny 

will participate as a consulting party in the federal compliance process (ie., 36 C.F.R. 800) to 

reach a finding of effect and to resolve adverse effects, if any. 

36. Should cultural features and/or deposits be encountered during ground 

disturbing activities, Allegheny will comply with A.R.S. 4 41-844, which requires that work 

cease in the immediate area of the discovery and that the Director of the Arizona State Museum 

be notified promptly. 

37. If human remains or funerary objects are encountered during the course of 

any ground disturbing activities related to the development of the subject property, Applicant 

shall cease work and notify the Director of the Arizona State Museum in accordance with A r k  
- 

Rev. Stat. 9 41-865. 

38. Allegheny will retain a qualified archaeologist to monitor ground 

clearing/disturbing construction activities and to appropriately instruct workers on detection and 
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avoidance of cultural resource sites. 

39. Applicant shall prepare a plan for shutdown, decommissioning and 

cleanup of the plant site which shall be filed with the Commission’s Docket Control within one 

year of beginning construction. In that regard, the Committee recommends that Applicant work 

with La Paz County and/or any other local governing body with jurisdiction over the plant site to 

ensure that such plan is reasonable, and is followed or amended as necessary. Applicant shall 

also prepare a plan for restoration of the plant site back to its original condition prior to 

construction of the plant if the proposed project should cease to operate and/or be 

constructed, whether that be at the end of the economic life of the plant or otherwise. 

40. Applicant shall provide provide the Commission with a Palo Verde 

E&O approved operational study not more than ninety days preceding and not less than 

sixty days preceding commercial operation of its power plant. That study shall demonstrate 

that sufficient transmission capacity exists at the Palo Verde Hub to accommodate the 

plant without reliance on remedial action schemes for single contingency outages. The 

studies shall model the Applicant’s plant overlaid with all other power plants expected to 

be in operation and interconnected to the Palo Verde Hub prior to Applicant’s plant being 

in operation. Failure of such studies to demonstrate the required reliable operation with 

Applicant’s plant will result in Applicant’s CEC being null and void. 

- 

[Should the Committee decide to add this condition but still be uncomfortable with the null and 

void language, Staff would suggest the following as alternative language for  the last sentence.] 

Failure of such studies to demonstrate the required reliable operation with Applicant’s 
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plant will result in suspended operation of Applicant’s plant until needed transmission 

system improvements are made and the intent of this condition is satisfied. 

41. The Applicant, its successor(s) or assignee(s) shall submit a self-certification 

letter annually listing which conditions contained in this CEC have been met. Each letter shall 

be submitted to the Utilities Division Director on August 1, beginning in 2002, describing 

conditions which have been met as of June 30. Attached to each certification letter shall be 

documentation explaining, in detail, how compliance with each condition was achieved. 

Copies of each letter, along with the corresponding documentation, shall also be submitted to 

the Arizona Attorney General and the Directors of the 

QwWy, Department of Water Resources, and Department of Commerce Energy Office. 

GRANTED this day of ,2002. 

ARIZONA POWER PLANT AND 
TRANSMISSION LINE SITING COMMITTEE 

BY 
Laurie Woodall, Chairwoman 

1292 1-00041947 199 ~8 
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ARIZONA DEPARTMENT OF WATER RESOURCES 
HYDROLOGY DIVISION 

M E M O R A N D U M  

TO: 

THROUGH: Greg Wallace, Chief Hydrologist 

Power Plant and Transmission Line Siting Committee 

Arizona Department of Water 

Gregg Houtz, Siting Committee Member 

FROM: Dale Mason, Supervisor 
Groundwater Modeling Section 
Hydrology Division 

DATE: November 9,2001 

RE: Preliminary Hydrologic Review of La Paz Generating Facility Certificate of 
Environmental Compatibility, A.C.C. Docket No. L-00000AAOl-0116 

This review consists of two sections; the first is an analysis of recent water level and pumpage 
records for the area around the proposed plant site. The second section is a review of the 
applicant’s hydrologic analysis of potential water level impacts near the plant site. 

General Background 

The proposed plant site is located in the northwestern part of the Harquahala Irrigation Non- 
Expansion Area (INA) in Sections 35 of Township 3 North, Range 11 West. The plant will be a 
combined-cycle base load plant with a proposed generating capacity of 1,080-megawatt. Water 
use by the plant is estimated to average about 6,800 acre-feet per year over the 30-year life 
expectancy of the plant. The source of water for the plant is groundwater to be pumped from a 
well field to be constructed near the plant site. Central Arizona Project (CAP) surface water is 
not under consideration for plant cooling, even though the main CAP canal is located about two 
miles north of the plant site. 

Agricultural development in the Harquahala INA began in the early 1950s and peaked in the mid- 
1970s. Most of the large-scale agricultural activities in the INA have been concentrated in the 
southeastern portion of the INA, which is located 6 to 8 miles to the south and east of the 
proposed plant site. Agricultural development in the immediate area around the plant site has 
been relatively small and began during the 1970s. The ADWR has water level records for the 
area around the plant site dating back to the early 1970s, and three wells located on or near the 
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plant site are ADWR index wells. The ADWR conducted water level sweeps of the JNA in 
1988, 1993, and 1998 as part of an ongoing water level data collection program. 

Geohvdrolom 

The Harquahala INA is a northwest trending valley surrounded by up-faulted mountain blocks. 
There are three hydrogeologic units that make up the regional aquifer system in the JNA. They 
are defined as an upper unit, a middle unit, and a lower unit. The upper unit may be as thick as 
300 feet in the center of the basin and consists of interbedded sands, gravels, siltly sands, and 
siltly gravels. The middle unit is composed of finer grained materials consisting of silty clays, 
sandy clays and silts. The middle unit may be up up to 800 feet thick in the center of the basin. 
The lower unit is a series of interfingered sands, siltly sands, silty gravels, and gravels. No wells 
have completely penetrated the lower unit in the center of the basin, therefore? its thickness is 
unknown. Most of the deep irrigation wells are completed in both the middle and lower units. 
However, because most wells don’t fully penetrate the lower unit, the main water-producing unit 
in the INA is the middle fine-grained unit. 

Agricultural Development 

Groundwater pumpage for agricultural development in the Harquahala INA began in the early 
1950s and peaked in the mid- 1960s at about 200,000 acre-feet annually. As recently as 1980, 
groundwater pumpage was estimated to be about 125,000 acre-feet. The results of groundwater 
pumpage from the 1950’s to the mid-1980s were water level declines of as much as 350 feet in 
the highly cultivated areas of the INA. 

Since 1985, excess Central Arizona Project (CAP) water has been available for use by the 
Harquahala Valley Irrigation District (HVID). CAP water utilization has drastically reduced 
groundwater pumpage in the INA. From 1985 to 2000, groundwater pumpage averaged only 
about 8,500 acre-feet per year for the INA. Groundwater pumpage for the four townships 
surrounding the proposed plant site, Townships 2 and 3 North, Ranges 10 and 1 1 West, averaged 
about 2,300 acre-feet per year from 1985 to 2000. However, between 1988 and 1992 there was 
no reported pumpage in the four townships. 

Water Levels 

The results of the large-scale groundwater pumpage from the 1950’s to the 1980’s were water 
level declines of as much as 350 feet in the main agricultural area of the INA. The area around 
the proposed plant was not heavily developed and, as a result, has experienced only a 50 to 70 
foot decline in water levels since the mid-1 970s. Hydrographs from wells with historic water 
level data in the vicinity of the proposed plant show the largest annual water declines occurred 
during the 1970s and 1980s, with smaller declines in the 1990s (See attached well hydrographs). 
The largest recorded water level decline in a well near the plant is about 70 feet. From 1978 to 
the present, most wells on the proposed plant site are showing long-term declines of between 0.5 
foot to about 2.0 foot per year. The most recently available water levels near the proposed plant 
range from about 400 to about 420 feet below land surface. 
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Water Level Impact Analvsis 

HydroSystems, Inc., under contract to Vidler Water Company, developed a numerical 
groundwater flow model for the entire Harquahala Valley in 1999. The model included all of the 
Harquahala INA and was developed to support the Vidler Water Company’s water recharge and 
recovery facility located in section 33 of Township 3 North, Range 11 West. The recharge 
facility is located approximately two miles west of the proposed power plant site. As part of the 
permitting process for the recharge facility the model was used to demonstrate the feasibility of 
the recharge project and to simulate future water levels in the Harquahala INA resulting from 
various recharge scenarios at the recharge facility. The numerical model was reviewed by the 
ADWR staff in 1999 and found to reasonably simulate the response of the regional aquifer to 
historic pumping stresses from 1950 to the present. The numeric model used reasonable 
hydrologic parameters derived from aquifer tests, pump discharge reports, and previous 
hydrologic investigations. 

URS Corp., working with HydroSystems, Inc., employed the Harquahala Valley groundwater 
flow model to determine the potential effect of 30 years of pumpage by the plant on the local 
water table. Four different future water use scenarios were developed and run using 
Hydrosystem’s Harquahala Valley model. Scenario 1 was a “base case” that simulated current 
water use conditions for 34 years, the approximate life of the proposed plant. Scenario 2 was 
identical to Scenario 1 except that pumpage for the plant was introduced. Neither Scenario 1 or 2 
included recharge from the Vidler recharge facility. Scenario 3 was identical to Scenario 2, 
except that recharge from the Vidler facility was introduced. In Scenario 3 annual recharge at the 
Vidler facility was started at 5,000 acre-feet per year in 2002 and increased to 70,000 acre-feet 
per year by 2006. The annual recharge rate was held constant at 70,000 acre-feet per year from 
2007 to the end of the simulation in 203 1. Scenario 4 was similar to Scenario 3, except that 
annual recharge at the Vidler facility was limited to 30,000 acre-feet per year after 2006. All 
other model inputs remained the same as in the previous three scenarios. 

The current conditions simulation, Scenario 1, indicates that water levels near the plant site will 
continue to decline and that after 30 years the decline will total about 40 feet. The Scenario 1 
simulated water level declines are similar to declines expected based on the current long-term 
measured decline rates of between 0.5 and 2.0 feet per year. In Scenario 2, which included plant 
pumpage, simulated water levels near the plant declined a total of about 70 feet after 30 years, or 
about 30 feet more than the simulated background declines from Scenario 1. When recharge 
from the Vidler facility is introduced in Scenario 3 and 4 water levels rise near the plant. In 
Scenario 3 with recharge of 70,000 acre-feet per year water levels near the plant are expected to 
rise nearly 175 feet, and with recharge limited to 30,000 acre-feet per year the expected water 
level rise is only about 25 feet. 

However, Scenarios 3 and 4 do not include any recovery pumpage from the Vidler recharge 
facility. Vidler will begin recovering their recharged water at some point in the future, and the 
timing and amount of those withdrawals will affect the long-term response of the aquifer at both 
the recharge facility and the proposed plant site. 
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Land Subsidence 

Although several investigators have reported the presence of earth fissures in the Harquahala 
INA, there are no known reports that specifically investigated land subsidence in the INA. 
However, the existence of earth fissures and the large historic water level in the southeastern 
suggests that some subsidence has occurred in the INA. 

Conclusions: 

The impact on local water levels by La Paz Generating Facility will be controlled by: 1) the 
amount of groundwater pumped by the plant for cooling, 2) by the amount of CAP water 
recharged at the Vidler Recharge Facility, and 3) by the amount of and timing of water recovery 
at the Vidler Recharge Facility. Water use by the surrounding agricultural areas probably will be 
very small and may not have a meaningful affect on local water levels. 

The Harquahala Valley groundwater flow model simulations showing long-term water level rises 
are somewhat misleading because they do not include any future recovery pumping by the Vidler 
Recharge Facility. To use the mode1 as a predictive tool, a reasonable approximation of the 
actual amount of recharge, the amount of recover, the timing of recovery, and the location of 
recover would need to be known. However, many of these factors are subject to circumstances 
beyond the control of both Vidler Water Company and the plant proponent. As a result, it may 
be best to simply discount any effects from the recharge facility and look at the results of model 
Scenario 2 as a rough indicator of the overall long-term effect of the plant on the aquifer. 

Scenario 2 indicated that after 30 years of pumpage and no artificial recharge, local water level at 
the plant site may decline by about 70 feet. Given that there may be some affect from the 
recharge facility the simulated decline may be at the high end of the actual impact. The 
drawdown would be approximately equal to the observed historic water level declines. 
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Table 1. Annual INA Pumpage Totals 

Year 
1950 

U.S .G. S. 
Estimated Pumpage 

in acre-feet 
5,000 

1951 
1952 
1953 
1954 
1955 

7,000 
10,000 
20,000 
33,000 
30,000 

50,000 

1979 
1980 
1981 
1982 
1983 
1984 

1961 100,000 
1962 200,000 

93 , 000 
108,000 
129,000 
79,000 
56,000 
72 , 000 

1961 100,000 
1962 200,000 
1963 200,000 
1964 200,000 
1965 200,000 
1966 160,000 
1967 170,000 
1968 165,000 
1969 145,000 
1970 111,000 

L 

Year 
1985 

1963 200,000 
1964 200,000 
1965 200,000 

Reported Pumpage 
in Acre-feet 

58,704 

160,000 

~ - .  ~ 

1986 
1987 
1988 

I 1970 111,000 

8,93E 
9,424 
3,712 

99,000 

1995 

130,000 
129,000 
123,000 
100,000 

10,12t 
1996 22,09( 

L ~. - ~ 

1997 21,20; 
1998 17,13t 

I 1990 I 1.801 1,801 
1,955 
3 , 0 0 3  
5,604 

1994 8,08' 

1,955 



A -  

* 

60-201352.0000 Bureau Of Reclamation B-03-11 23CCB 617026 0.43 Groundwater 

Total: 2.93 

B-02-11 02BBB 603419 387.10 Groundwater 1987 60-201240.0000 Hi-Way Electric Co 
60-201333.0000 Hi-Way Electric Co. B-03-11 36BBB 603427 1,440.60 Groundwater I 

B-03-11 36CBB 603421 1,716.10 Groundwater 
Total: 3,156.70 

60-201334.0000 Hi-Way Electric Co. B-03-10 3lCBB 603422 249.00 Groundwater 

60-201335.0000 Hi-Way Electric Co B-03-11 34BBB 603423 78.90 Groundwater 

B-03-11 34BCC 603420 35.30 Groundwater 

B-03-11 34DAA 603425 3.20 Groundwater 
Total: 117.40 

60-201352.0000 Bureau Of Reclamation B-03-11 23CCB 617026 0.43 Groundwater 

Total: 3,910.63 

1993 60-201240.0001 Mbt Ranch B-02-11 02BBB 603419 57 1.19 Groundwater 

60-201334.0001 Mbt Ranch B-03-10 31CBB 603422 1 ,O 15.49 Groundwater 

60-201335.0001 Mbt Ranch B-03-11 34ABA 603424 3 19.70 Groundwater 

B-03-11 34BBB 603423 891.47 Groundwater 

B-03-11 34BCC 603420 598.78 Groundwater 

_ _ ~ .  

I 

Total: 1,809.95 

Total: 3,396.63 

1994 60-201240.0001 Mbt Ranch B-02-11 02BBB 603419 816.82 Groundwater ~ 

60-201335.0001 Mbt Ranch B-03-11 34ABA 603424 18.56 Groundwater 

B-03-11 34BBB 603423 600.45 Groundwater 

B-03-11 34BCC 603420 244.95 Groundwater 
Total: 863.96 

Total: 1,680.78 

1995 60-201240.0002 State Of Arizona B-02-11 02BBB 614432 816.97 Groundwater 1 

B-03-11 36CBB 614439 18 1.08 Groundwater 1 
60-201333.0002 State Of Arizona B-03-11 36BBB 614438 34.33 Groundwater 

Total: 215.41 

Total: 1,032.38 

1996 60-201240.0002 State Of Arizona B-02-11 02BBB 614432 1,192.99 Groundwater 

60-201333.0002 State Of Arizona B-03-11 36BBB 614438 888.48 Groundwater 

60-201334.0002 State Of Arizona B-03-10 31CBB 614436 967.10 Groundwater 

60-201335.0001 Mbt Ranch B-03-11 34BBB 603423 1,183.77 Groundwater 
1 Total: 4,232.34 

I 1997 60-20 1240.0002 State Of Arizona B-02-11 O2BBB 614432 1,783.01 Groundwater 

1985 60-201240.0000 Hi-Way Electric Co B-02-11 02BBB 603419 0.30 Groundwater 

60-201333.0000 Hi-Way Electric Co. 8-03-1 1 36ABB 603426 68 1.3 1 Groundwater 

Total: 3,838.86 

60-201334.0000 Hi-Way Electric Co. B-03-10 31CBB 603422 1,097.94 Groundwater 

60-201335.0000 Hi-Way Electric Co B-03-11 34ABA 603424 403.83 Groundwater 

B-03-11 34BBB 603423 1,289.07 Groundwater 

1986 60-201335.0000 Hi-Way Electric Co B-03-11 34DAA 603425 2.50 Groundwater 

B-03-11 34BCC 603420 797.74 Groundwater 

B-03-11 34DAA 603425 5.40 Groundwater , 

Note: This query selects pumpage that is coded as Recovered or Withdrawn 
11/08/01 Page 1 Wellpump.bm 



4 Arizona Department of Water Resources 

B-03-11 36BBB 614438 1,970.39 Groundwater 

Total: 2,061.03 

60-201334.0002 State Of Arizona B-03-10 31CBB 614436 1,257.06 Groundwater 

60-201335.0002 Southwestern Ag. Svcs B-03- 1 1 34ABA 603424 461.35 Groundwater 

< -  Registry of Groundwater Rights (ROGR) 

Well Purnpage Report for La Paz Generating Facility Area 

I Year Right Rieht Owner Cadastral Ref No. Pumpage (AF) WaterType ~ 

~ 60-201333.0002 State Of Arizona B-03-11 36BAA 614440 90.64 Groundwater ~ 

j Total: 7,413.88 I 

1 1998 60-201333.0002 State Of Arizona B-03-11 36BAA 614440 13 1.44 Groundwater 

B-03-11 36BBB 614438 793.66 Groundwater 1 
I Total: 925.10 

60-201334.0002 State Of Arizona B-03-10 31CBB 614436 357.42 Groundwater 

Total: 1,282.52 

2000 60-201335.0002 Southwestern Ag. Svcs B-03-11 34BCC 603420 5.00 Groundwater 

Total: 30,391.23 

Wellpump.brw 



GALLAGHER KENNEDY 
P. A. 

ATTORNEYS AT LAW 

TODD C. WILEY 
DIRECT DIAL: (602) 530-8514 

E - M A I L  TCW@GKNET.COM 

December 7,2001 

VIA HAND DELIVERY 

Ms. Laurie Woodall 

2575 EAST CAMELBACK ROAD 
PHOENIX, ARIZONA 85016-9225 

PHONE: (602) 530-8000 
FAX: (602) 530-8500 

WWW.GKNET.COM 

DEC 0 7 2001 Chair, Siting Committee 
Office of the Attorney General 
1275 West Washington 
Phoenix, Arizona 85007 

Re: Allegheny’s Application for a Certificate of Environmental Compatibility; 
Docket No. L-OOOOOAA-01-0116, Case No. 11 6 

Dear Ms. Woodall: 

As you requested at the November hearings, I am providing you with the 
following reference materials from Mr. Micheletti’s dry cooling report (exhibit A-16). I am not 
docketing these materials, but simply providing them as reference materials. 

1. Micheletti, Wayne C. and John M. Bums. “Understanding Wet and Dry Cooling 
Systems,” presented at the 62nd International Water Conference, Pittsburgh, PA, 
October 22-24, 2001. 

2. Bums, J.M., et al. “The Impacts of Retrofitting Cooling Towers at a Large Power 
Station,” Proceedings of the EPRI Cooling Tower Conference, St. Petersburg, FL 
August 1 994. 

3. Managing Waste Heat with the Water Cooling Tower, 3rd ed., Marley Cooling 
Tower Company, Overland Park, KS, 1978. 

At the hearings, you requested a copy of “Economic and Engineering Analysis of 
The Proposed 9 3 16(b) New Facility Rule,” Report EPA-821 -R-00-019, United States 
Environmental Protection Agency, Office of Water, Washington, DC, August 2000. I haven’t 
provided a copy of that report because it is voluminous and lengthy. The document is available 

http://WWW.GKNET.COM


Ms. Laurie Woodall 
December 7,2001 
Page 2 

online at the following website: http://www.epa.aov/waterscience/3 16b/support/inde~.htrnl. If 
you need a written copy of the report, I can provide one at your request. Please let us know if 
you need anything else. 

Very truly yours, 

GALLAGHER & KENNEDY, P.A. ,q 

cc: Jason Gellrnan (w/encl.) 
Mark Wolfe (w/encl.) 
Jim Vieregg (w/encl.) 

TCW/lmm 
Enclosures 
1292 1 -0004/97492 1 

Todd C. Wiley 

http://www.epa.aov/waterscience/3


Understanding Wet and Dry Cooling Systems 
WAYNE C. MICHELETTI, Wayne C. Micheletti, Inc. , Charlottesville, VA 
JOHN M. BURNS, P.E., Burns Engineering Services, Inc., Topsfield, MA 

IWC-01-38 

Keywords: cooling towers, dry cooling, combined-cycle power plants 

Summary: Evaporative cooling towers, an integral part of most industrial operations, typically represent the single largest 
demand for plant makeup water and can be a major source of discharge wastewater. As a result, in new industrial facilities, 
dry cooling systems recently have been receiving increasing attention as an alternative to cooling towers. Evaluating new 
cooling system options requires a solid understanding of not only the readily apparent design and operating differences, but 
also the subtle, yet equally important, performance and cost implications. 

BACKGROUND 

The need to control elevated temperatures in a variety of 
industrial processes makes the choice of cooling medium 
and system an important operating and economic decision. 
Historically, water has been the cooling medium of choice 
because it was readily available, relatively inexpensive 
and reusable up to a point. For more than twenty years, 
evaporative systems (Le., cooling towers) have been the 
predominant means for using water to cool process 
equipment. 

Nowhere is this more apparent than in the steam-electric 
power industry, where large amounts of water are needed 
to condense turbine exhaust steam. In fact, the USEPA 
estimates that 92.4% of all industrial cooling water is used 
in steam-electric power generation.’ This trend will very 
likely continue. Over the next twenty years, the Energy 
Information Administration projects that the nation’s 
electric generating capacity will increase by 217 GW? 
Most (62%) of this new capacity will be produced by 
combined-cycle (CC) power plants, all of which will need 
cooling for the steam-electric generation portion. 

Growing competition fiom municipal and agricultural 
users has decreased the amounts and increased the prices 
of good quality water resources available to industrial 
users. At the same time, environmental regulations on the 
blowdown discharged from cooling towers have become 
much more stringent. Because dry (air-cooled) systems 
consume no water, generate no blowdown and create no 
visible plume, they may be seen as an economically and 
environmentally attractive alternative to wet cooling 
systems in new industrial facilities. 

But when considering cooling options for new facilities, 
there are some important similarities and differences 

between wet and dry systems that should be fully 
understood before making a selection. Differences in heat 
transfer are particularly important because of the 
associated influences on the performance and costs of 
these systems. 

CHARACTERISTICS OF WET AND DRY 
COOLING SYSTEMS 

Industrial cooling systems are designed to transfer heat 
from one or more process operations to the surrounding 
atmosphere. For steam-turbine generators, this “waste” 
heat is produced when the turbine exhaust steam is 
condensed to recover high-purity water for recycle to the 
boiler. Steam condensation also creates a vacuum at the 
turbine outlet. This vacuum (monitored as turbine 
backpressure) allows the turbine to utilize more of the 
steam’s energy and increases the overall efficiency of 
electric power generation. Lower steam temperatures in 
the condenser will produce a greater vacuum on the steam 
turbine (reflected by a lower turbine backpressure) and 
mean a better generating efficiency and higher total plant 
generation capability. In this way, the cooling system 
directly influences power plant performance. 

All wet cooling systems use water to absorb heat via 
indirect contact with steam in a condenser. The condenser 
is a large shell-and-tube heat exchanger, with steam on the 
shellside and cooling water passing through the tubes. For 
systems with cooling towers, the water is pumped in a 
loop through the condenser to the tower and back to the 
condenser (see Figure 1). Because of this recycle circuit, 
this type of cooling system is frequently referred to as 
“closed-loop’’ or as “recirculated”. 

Heat absorbed by cooling water in the condenser is 
released to the air that passes through the cooling tower. 



Wet tower 
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FIGURE 1 
WET COOLING SYSTEM WITH MECHANICAL INDUCED-DRAFT TOWER3 

Due to intimate direct air-water contact in the cooling 
tower fil1,approximately 65-85% of this heat rejection is 
associated with the evaporation of a portion of the cooling 
water; the remaining 1535% is due to simultaneous 
sensible heating of the inlet air. This process lowers the 
temperature of the water passing through the tower so that 
it can be recirculated back to the condenser and used for 
cooling again. 

Because the surrounding air is the ultimate heat sink for 
the thermal energy released in the cooling tower, the 
atmospheric conditions are key elements in determining 
cooling system design and performance. The cooling 
ability of a tower is measured by how close it can bring 
the outlet cooling water temperature to the wet-bulb 
temperature of the surrounding air. The lower the inlet air 
wet-bulb temperature (indicating colder air and/or lower 
humidity), the colder the tower can make the outlet 
cooling water temperature. As a matter of physics, the 
cold water temperature can never be lower than the inlet 
air wet-bulb temperature. 

When designing wet cooling towers, this difference 
between the anticipated inlet air wet-bulb temperature and 
the target cold water temperature is a value known as the 
“cooling approach”. The approach for most wet cooling 
towers at high design-point wet-bulb temperatures is 

usually between 5 and 10 O F .  A lower approach can be 
achieved by building and operating a larger tower. But 
doing so will increase the cooling tower capital and O&M 
costs. So, for power plant cooling towers, the design 
approach is generally about 8 OF. During operation in 
cold weather, this design approach can be expected to 
increase considerably due to atmospheric conditions. 

Although the term “dry cooling” implies the total absence 
of water, it really means the transfer of heat to the 
atmosphere without the evaporative loss of water. For 
example, automobiles use a type of dry cooling system to 
control engine temperatures. Water is circulated through 
the engine block to absorb the heat of combustion, then 
through the radiator to dissipate that thermal energy by 
sensible heat transfer with the surrounding air, and finally 
back to the engine block. The system is said to be “dry” 
(or completely closed) because none of the water 
evaporates and makeup is only required to offset minor 
losses, such as leaks. 

The automobile example is also said to be “indirect” 
because water is used as a medium for transferring the 
thermal energy from the heat source (the engine) to the 
heat sink (the atmosphere). Conceptually, an indirect, dry 
tower would seem to be a likely alternative to the standard 
wet cooling tower. However, the extremely poor thermal 
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FIGURE 2 
DRY COOLING SYSTEM WITH DIRECT AIR-COOLED CONDENSER (ACC)’ 

performance and very high cost have been factors that 
have precluded the selection of indirect dry cooling as a 
viable system design for new power plants in the United 
States. This particular cooling approach has been limited 
to a few special cases, primarily in Eastern Europe and the 
Middle East. 

Instead, for new power plants, a “direct” dry cooling 
system is more applicable. In direct dry cooling, the 
turbine exhaust steam is piped directly to a finned-tube, 
air-cooled condenser (ACC), also referred to as the dry 
cooling tower (see Figure 2). The steam exhaust duct has 
a large diameter and as short a length as possible to 
minimize pressure losses. Because finned-tube, air-cooled 
condensers have a low heat transfer coefficient, they are 
commonly quite large. To reduce the required land area, 
the finned tubes on the ACC are fiequently arranged in an 
A-fiame or delta pattern. Air is forced across the finned 
tubes by fans to improve heat rejection to the atmosphere. 
The A-fiame design also provides an improved fan air- 
flow coverage to the entire tube bundle. 

Since an ACC relies strictly on sensible heat transfer, a 
large quantity of air must be supplied, requiring a 
correspondly larger number of fans than would be used in 
a wet cooling tower. Forced-draft fans are installed on the 
cooler, inlet air side of the condenser to: a) reduce the 
power consumption for the necessary air mass flow rate, 
b) allow the use of less expensive materials of 
construction, and c) improve access and ease of 
maintenance. Unfortunately, a forced-draft fan system 
often does not produce a uniform air flow distribution 
through the dry tower, resulting in a relatively low warm- 

air escape velocity fiom the top of the tube bundle. In a 
wind, this low velocity can be extremely important 
because it increases the potential for recirculation of the 
hot plume back through the tower instead of drawing in 
fiesh ambient air.4 Compared to wet cooling towers with 
the high-velocity plumes produced by induced-draft fans, 
the low exit air velocities associated with dry towers 
exacerbate recirculation in these systems. Therefore, anti- 
recirculation fences or windwalls may be required to 
prevent such  problem^.^ 

While the performance of wet cooling systems depends 
primarily upon the ambient wet-bulb temperature and is 
determined by the design approach, the performance of 
dry cooling systems depends upon the ambient dry-bulb 
temperature and is determined by a design value referred 
to as the “initial temperature difference” or ITD. For dry 
cooling, the ITD is the difference between the turbine 
exhaust steam temperature and the anticipated inlet air 
dry-bulb temperature. Reported design ITD values range 
fiom 25 to 55 OF. And just as the design approach for wet 
cooling systems can be reduced by increasing the tower 
size, a lower design JTD for dry cooling systems can be 
achieved by building and operating a larger ACC. 
However, the capital and O&M costs for an ACC are 
more sensitive to size than for a wet cooling tower. 
Therefore, when the heat rejection is substantial (as in the 
case of power plants), economics dictate that the size of 
the ACC be minimized, resulting in a larger design ITD. 

Because ambient dry-bulb temperatures are usually higher 
than wet-bulb temperatures and tend to experience more 
dramatic daily and seasonal variations, the design and 



operation of dry cooling systems linked to steam turbine- 
generators can be more problematic than for wet cooling 
systems. If the dry cooling system is unable to meet 
design heat transfer conditions in the condenser, then the 
turbine backpressure will increase and the plant’s power 
generation efficiency will decrease. With a reasonably 
flexible steam turbine design, a higher backpressure and 
the associated decline in generating efficiency (or energy 
penalty) can be operationally tolerated up to a point. But 
as the turbine backpressure increases, eventually an alarm 
will warn operators that the turbine-generator is 
approaching limits set by the equipment manufacturer. If 
steam cooling and condensation worsen, then the steam 
flow to the turbine must be reduced (known as a plant 
derate because the amount of electricity which can be 
generated by the entire plant is reduced). Though it is 
difficult to absolutely categorize a high-temperature limit, 
when ambient dry-bulb temperatures exceed 90 OF, the 
relative performance of a dry cooling system will usually 
begin to suffer appreciably. 

HYBRID COOLING SYSTEMS 

In some circumstances, a combination of wet and dry 
cooling systems has been helpful in addressing certain 
site-specific issues. The nature of these “hybrid” systems 
can vary significantly depending upon the particular 
situation and objectives. Some hybrid systems are 
designed to compensate for the decline in performance of 
a dry cooling system at higher ambient dry-bulb 
temperatures. These hybrid systems essentially 
incorporate a wet-cooling component with a surface 
condenser in a parallel steam path to provide 
supplemental evaporative cooling when needed. This type 
of weddry system is currently not in widespread use and 
typically has been limited to situations with small cooling 
requirements. 

By far, the most common type of hybrid system is 
designed to eliminate the visible plume leaving the tower 
of a wet cooling system. Hybrid plume-abatement 
systems basically consist of an indirect dry cooling system 
located immediately above the cooling tower portion of a 
wet cooling system. Hot cooling water kom the 
condenser is fed fmt to indirect-contact, finned-tube, air- 
cooled heat exchangers and then to the direct-contact fill 
in the wet tower. When operating in the plume-abatment 
mode, ambient air is drawn through both the dry and wet 
segments in parallel paths. The two air streams are then 
mixed and exhausted fi-om the stack of the induced-draft 
fan at the top of the tower. The hot, dry air fi-om the air- 
cooled heat exchangers increases the temperature and 
decreases the relative humidity of the cooler, saturated air 
fiom the fill in the wet tower so that the final mixture does 
not have a visible plume. Operators can control the 

degree of visual plume abatement by adjusting hinged 
damper doors along the air inlet to the dry cooling section 
to govern the air flow and, consequently, the volume, 
temperature and relative humidity of hot, dry air in the 
outlet mixture. Hybrid plume abatement systems are not 
water-conserving systems. 

EVALUATING COOLING SYSTEM OPTIONS 

When considering cooling system options for a new 
facility, any number of site-specific factors can influence 
the evaluation and selection process. But, in general, the 
key environmental factors will most likely be: 

0 Water availability and quality 
Wastewater discharge limitations 
Meteorological conditions 

0 Drift and plume aesthetics 
0 Fish protection 
0 Worker and community health and safety 
0 Noise 

The primary economic factors are: 

0 Water availability and quality 
0 Wastewater discharge treatment 
0 Geographic location (as related to land 

availability and cost, and construction cost) 
0 System performance over variable operating 

conditions 

Based on these lists, dry cooling systems offer several 
obvious advantages. There are no makeup water 
requirements or wastewater discharge concerns. Aquatic 
impacts and drift or plume problems are nonexistent. And 
any health or safety issues related to waterborne 
contaminants and pathogens or water treatment chemicals 
are eliminated. 

But the extensive design and operating experience with 
wet cooling systems in a broad range of industrial 
applications cannot be ignored. This history has 
established wet cooling towers as the low-cost, closed- 
loop standard for stable performance over variable 
operating conditions at virtually any site throughout the 
U.S. and the world. And given the evolving competitive 
market in the U.S. electric power industry, the major 
emphasis will undoubtedly be on cost and performance at 
new power generation facilities. With this in mind, a 
generic base-case combined-cycle plant was studied to 
compare the cost and performance characteristics of wet 
and dry cooling systems at five different U.S. sites 
(Albany, NY; Atlanta, GA; Madison, WI; Amarillo, TX 
and Sacramento, CA). 



BASE CASE PARAMETERS 

Wet Cooling System ~ 

Cooling tower approach 8 OF 
Cooling tower range 24 OF 
Ambient wet-bulb temperature Regional Mean 
Wet-bulb temperature recirculation + 2 OF 
Evaporation (% of total heat load) 70 

Condenser terminal temp. difference 6 O F  
Cycles of concentration 5 

Dry Cooling System 

Ambient dry-bulb temperature Regional Mean 
Dry-bulb temperature recirculation + 3  O F  

Initial temperature difference (ITD) 54 O 

The generic base case selected for study was a 750-MW 
combined-cycle power plant with two 250-MW gas 
turbine-generators followed by one 250-MW steam 
turbine-generator. Since exhaust steam condensation kom 
the single steam turbine represents the largest cooling 
demand, only this portion of the plant is considered in the 
detailed analysis. The smaller auxiliary cooling loads 
were estimated to add 5% to the overall capital costs of 
both the wet and dry cooling systems. 

To firther simplify the analyses, a single steam turbine 
design was assumed for both wet and dry cooling systems. 
In the past, steam turbine/condenser designs for large 
fossil and nuclear power plants have been optimized to 
reflect the type of cooling system, as well as other site- 
specific conditions. However, more recently, designers 
have been relying on more flexible steam turbines which 
operate over a wider range of backpressures, even if it 
means accepting an energy penalty under certain 
conditions. An exhaust steam flow of 1.7 million l b m h  
(at 5% moisture) was assumed as representative for a 250- 
MW steam-turbine designed to operate at 2.5 in Hga. 

The base-case cooling tower is a mechanical-draft, 
counterflow design with a concrete basin and FRP support 
structure. The fill is a modern, low-clog plastic film fill. 
The total tower would consist of twelve cells in a back-to- 
back configuration. The area of each cell would be about 
42 feet by 54 feet, so that the overall footprint of the tower 
would be 325 feet long and 85 feet wide. The maximum 
height of the tower (measured at the top of the fan stack) 
would be about 55 feet. Each cell would have a single, 
30-ft diameter, low-noise, induced-draft fan. 

The condenser is a modem, single-pass, shell-and-tube 
design with carbon steel shell, waterbox, tubesheet and 
supports, and 22 BWG 304 stainless steel tubes. The 
overall size was determined using Heat Exchange Institute 
(HEI) steam surface condenser standards for a cooling 
water velocity of 7 Wsec and an 85% cleanliness factor. 

The air-cooled condenser (dry cooling tower) was made 
of carbon steel finned tubing arranged in the “A-fiame” 
configuration with an exhaust steam manifold at the top 
and condensate collection lines at the bottom on either 
side. The ACC footprint was estimated to be 250 feet by 
250 feet (1.4 acres). The maximum ACC height (at the 
top of the A-kame) would be about 105 feet. A total of 
forty 3 0 4  diameter, low-noise, forced-draft fans would be 
required. 

Other base case design details for the wet and dry cooling 
systems are summarized in Table 1. 

TABLE 1 

SPECIFICS 
BASE-CASE COOLING SYSTEM DESIGN 

ESTIMATED CAPITAL AND O&M COSTS 

Capital costs for both wet and dry cooling systems were 
developed using estimating methods commonly employed 
by architect-engineers for large utility projects, and 
included all system elements beginning at the turbine 
exhaust flange. Algorithms based on prior bid costs were 
used to estimate specific installed cooling tower costs. 
The majority of the other cost components were 
individually determined using published data6 and other 
recent cooling system cost estimates or previous 
equipment quotes, in combination with an assessment of 
the quantity of materials involved or a size delineation. In 
addition, the following details also apply to all capital cost 
estimates. 

0 Low-noise fans (with 10 dba attenuation) were 
included due to the general sensitivity of most 
communities to the relatively pervasive noise 
from cooling towers (wet and dry). 

0 A 1% hot-weather incidence value was selected as 
typical for both wet and dry cooling towers.’ 
Wiring costs’ and local construction costs6 were 
based on factors specifically developed for this 
purpose. 

0 The usual project allowances for indirect costs 
such as management, engineering, and 
contingencies were included. 

0 All costs were adjusted to a July 1999 basis using 
standard factors6 

Table 2 is an itemized comparison of the resulting capital 
cost estimates for wet and dry cooling systems at one 
location. 



TABLE 2 
ITEMIZED CAPITAL COST ESTIMATES FOR 

WET AND DRY COOLING SYSTEMS 
(Albany, NY %Million, July 1999) 

Cooling Tower 
Fans 
Condenser 
Auxiliary Cooling 
System Miscellaneous 
General Miscellaneous 
Total Direct Costs 

Indirect Factors 
Total Costs 

Wet Cooling 
6.64 
2.58 
6.05 
0.89 
2.19 

0.28 
18.63 
6.52 
25.15 

Dry Cooling 
28.06 
11.64 

2.13 
1.58 
1.02 
44.43 
15.55 
59.98 

Wet cooling tower costs include the tower and basin; dry 
cooling tower costs include the ACC, steam duct, 
foundation and support structure. System miscellaneous 
costs include the cooling water intake and cooling water 
pumps and piping (for the wet system), and a tube wet- 
dowdcleaning system, special controls, insulation and 
heat tracing (for the dry system). General miscellaneous 
costs include site preparation, access roads, fire/lightening 
protection, painting and acceptance testing (for both 
systems). 

Table 3 is a comparison of the total estimated capital costs 
at all five locations. 

TABLE 3 
TOTAL CAPITAL COST ESTIMATES FOR 

WET AND DRY COOLING SYSTEMS 
(%Million, July 1999) 

Wet Cooling Dry Cooling 
Albany, NY 25.2 60.0 
Atlanta, GA 23.2 56.2 
Madison, WI 25.4 60.7 
Amarillo, TX 21.3 52.1 
Sacramento, CA 28.0 66.0 

For the base-case example (250-MW steam turbine at a 
new 750-MW combined-cycle power plant), the total 
estimated capital costs for a dry cooling system were 
consistently greater than those for a wet cooling system by 
an average of 140% at all five sites studied. The higher 
costs can be attributed to the larger, more expensive ACC 
and the increased number of fans. Although there was 
appreciable capital cost variability for either the wet or the 

dry cooling systems between the different sites, the 
majority of this variation reflects local construction cost 
factors and not climatic conditions. 

Operating and maintenance (O&M) costs were based on a 
combination of several cost factors. For both wet and dry 
systems, the annual labor and materials maintenance costs 
for all cooling system components were assumed to be 1% 
of the capital costs. This figure reflects past estimates', as 
well as recent experience with power plant towers, 
condensers, circulating water pumps and intakes. The 
cost of system auxiliary power was determined by: 1) 
estimating the power requirements (fans for dry systems 
and fans and pumps for wet systems), 2) adjusting these 
power requirements by assuming a 90% CC plant capacity 
factor, and 3) multiplying the adjusted power requirement 
by a unit cost of $25/MW-hr. 

A comparison of the estimated annual O&M costs at all 
five locations is presented in Table 4. 

TABLE 4 
ANNUAL ESTIMATED O&M COSTS 

FOR WET AND DRY COOLING SYSTEMS 
($Million, July 1999) 

~ ~~~ ~ 

Wet Cooling Dry Cooling 
Albany, NY 0.94 1.82 
AtIanta, GA 0.92 1.78 
Madison, WI 0.94 1.83 

Sacramento, CA 0.96 1.88 
Amarillo, TX 0.90 1.74 

The largest proportion of the estimated annual O&M costs 
is for system auxiliary power: 70-75% for wet systems 
and 65-70% for dry systems. For wet systems, this power 
cost is split almost evenly between pumps and fans. For 
dry systems, the power cost is associated entirely with 
fans. 

An important annual cost not included in these estimated 
O&M costs is the potential energy penalty (Le., the 
reduced plant generating capacity) for each system. The 
energy penalty is directly related to the climatic conditions 
of a specific site and would be expected to vary 
considerably throughout the country. However, for both 
wet and dry cooling systems, the energy penalty normally 
is greatest during the hottest periods of the year (usually 
assumed to be only 1% of the time during the four 
warmest months or 29.2 hourdyear). For the remainder of 
the year, the energy penalty should be much smaller. 
Unfortunately, the periods of greatest energy penalty 



typically coincide with the times of peak electricity 
consumption. Therefore, any generating shortfall at that 
time represents a serious problem in meeting customer 
demand and a potentially significant revenue loss. 

Since the performance of dry cooling systems is linked to 
the ambient dry-bulb temperature (which can fluctuate 
significantly on a daily basis), dry cooling systems are 
particularly sensitive to climatic variations. This 
influence can be seen in Table 5 which shows the 
maximum energy penalties estimated for both wet and dry 
cooling systems compared to the base 250-MW capacity. 

The magnitude of the maximum energy penalty for dry 
cooling systems relative to wet cooling systems 
demonstrates the substantial economic impact that cooling 
system selection can have on power generation costs. 
Depending upon the prevailing price of replacement 
power, the maximum energy penalty costs could be quite 
high, as shown in Figure 3. And, as replacement power 
costs increase, the estimated maximum energy penalty 
costs for dry cooling could begin to approach the value of 
other elements in the anticipated annual O&M cost. On 
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the other hand, wet cooling systems are expected to incur 
relatively minor energy penalty costs. 

TABLE 5 
ESTIMATED MAXIMUM ENERGY PENALTY 

FOR WET AND DRY COOLING SYSTEMS 
(MW) 

~ 

Wet Cooling Dry Cooling 
Albany, NY 0.0 29.1 
Atlanta, GA 0.7 30.4 
Madison, WI 0.6 34.4 
Amarillo, TX - 2.3 39.1 
Sacramento, CA 0.0 45.2 

CONCLUSIONS 

Selecting a cooling system for a new industrial facilty 
means balancing a number of site-specific constraints. 
Dry cooling systems offer some environmentally attractive 

Assumes an incidence of 1 YO during the four 
warmest months of the year (29.2 hours) 

/ $500/M W-hr 

/ $250/M W-hr 

$25/MW-hr 

0 10 20 30 40 50 

Energy Penalty (MW) 

FIGURE 3 
ENERGY PENALTY COSTS AS A FUNCTION OF REPLACEMENT POWER COSTS 



advantages, particularly if new facility permitting may be 
a concern. However, these advantages have a large price 
when compared with the economics and performance of 
wet cooling systems. For example, an evaluation of wet 
and dry cooling systems for a 250-MW steam turbine- 
generator at a new 750-MW combined-cycle power plant 
shows that: 

0 The estimated capital cost for a dry cooling system 
is 140% greater than for a wet cooling system, 

0 The estimated annual O&M cost for a dry cooling 
system is 94% greater than for a wet cooling 
system, 

0 The performance of dry cooling systems (which are 
directly related to the ambient dry-bulb 
temperature) is more sensitive to climatic 
conditions and more likely to vary over wider 
ranges on both a daily and seasonal basis than the 
performance of wet cooling systems (which are 
directly related to the ambient wet-bulb 
temperature), and 
The decline in system performance (calculated as 
the maximum energy penalty) for dry cooling could 
range from 29-45 MW, depending upon local 
climatic conditions; for wet cooling, the maximum 
energy penalty is negligible. 

Therefore, by almost any economic measure, wet cooling 
would generally be the preferred cooling system option 
for a new industrial facility. Dry cooling systems are most 
likely to be selected only in limited special situations with 
very unique constraints that make wet cooling systems 
technically impractical or environmentally unacceptable. 
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TRENDS 

The following "trend" observations use fossil and nuclear steam 
generating additions. Data are drawn from recent publications of 
United States Department of Energy, National Electrical Manufac- 
turers' Association, the several power industry magazines, and Mar- 
ley Company's internal records. A t  this date, slippages in the indus- 
try are so extensive that absolute date statements are improbable, 
and the examples evaluated may be cancelled, or duplicated, or 
changed. 

The Class 600 Induced Draft Wood tower, as manufactured by 
The Marley Company, and similar products by other American 
suppliers, commenced delivery in approximately 'i 959-60. As was 
discussed in the first and second editions of this book, in the years 
1959-60 through about 1971-72, 200,000 megawatts of net steam 
generating capability were added in the U.S. During this same peri- 
od, 35,000 gross megawatts of induced draft wood towers, as used 
in the examples in this text, were installed. In addition to  this, 
through 1972, approximately 10,000 gross megawatts of natural 
draft hyperbolic towers were added in the U.S. Thus, our earliest 
category of participation is  with the modern tower, 1959-1 972. 
By the end of this period cooling towers participated in approxi- 
mately 22%% of a l l  the generation added. 

!n the next five yeirs, to this publishing date, net yaerativg 
capability grew to approximately 550,000 megawatts. There was a 
surge in both induced draft and hyperbolic towers in these installa- 
tions. The natural draft hyperbolic shell tower was somewhat more 
dominant in nuclear station plans ahd the mechanical draft arrange- 
ment somewhat more dominant i n  the fossil stations. However, the 
emergence of the round mechanical draft tower, with i t s  improved 
plume characteristics, invaded markets that had expected to be 
hyperbolic. Towards the end of this period wet cooling towers had 
been evaluated on approximately 50%of the unbuilt plant capacity 
through 1982. In the decade following this publishing date, an ad- 
ditional 280,000 net megawatts of power generation i s  estimated 
to go on line. 250 of these machines will be 300 megawatts and 
larger and about 60% of them will employ cooling towers. I t  is the 
author's interpretation of the data available a t  The Marley Com- 
pany that 8 to 10 years hence, 60-65% of the stations will be engi- 
neered with wet evaporative cooling towers and/or water conserva- 
tion towers. In the succeeding decade through 1995 the rate of  
generating plant additions must necessarily accelerate t o  meet 
needs, and cooling tower participation could reach 70%. 

OBSERVATIONS ON DIFFERENT TOWER SCHEMES 
' 

The current generation towers, a t  some premium in cost, are 
available to the power industry featuring greater freedom from the 
offense of recirculation, fog, drift and water consumption. There i s  
also a trend toward fire retardant materials. Round shape factors, 
and very occasionally, partially dry circulating modes are receiving 
attention. The industry presently is carrying a balanced backlog 
and quotation l i s t  of different styles of towers. The earlier editions 
featured the Class 600 rectangular mechanical draft and Class 600 
hyperbolic. In the approximate five years between the last  edition 

and this edition around 200,000 name p la te  megawatts of power 
plant apparatus have been placed under contract. Approximately 
100,000 of these megawatts included cooling tower contracts. The 
Class 600 type of rectangular wood was the selection chosen on 
31,000 megawatts for approximately 95 towers on approximately 
95 machines aggregating approximately 1,000 fan cells. The evalua- 
tion points of 39 of these installations are tabulated in Figure 4. 
Round mechanical draft towers are tabulated in Figure 5. In the 
las t  issue of this book, Hanford Station Unit 2 was an initial in- 
stallation. A surge of Class 700 RMD types and an introduction of 
Class 800 types mechanical draft have occurred. In this approxi- 
mate f i ve  years around 33,000 megawatts of such tower equipment 
were purchased. And while there were an aggregate of approximate- 
ly 82 towers going on approximately 47 machines, approximately 
630 of the 930 fan cells were RMD, with the minority being in 
some rectangular mode. 

During the approximate five years, 34,000 megawatts of Class 
700 type and Class 800 type hyperbolic towers were placed under 
contract, some 39 towers on some 37 machines. 

The balance of 2,000 plus megawatts of towers placed under 
contract include 7 or 8 special installations such as the San Juan 
Station, the Wyodak Station, Brandon Shores Station, Antelope 
Valley Station, and some demonstrators. To help quantify the cost 
sitijation as of January 1, 1979, with +tic r l a v  6O@ rYctangular 
tower, the best 85% of the data on the towers evaluated for 39 dif- 
ferent machines have been averaged to arrive a t  the delivered and 
erected contract price with allowance for basins of $13.45 per 
tower unit (add $1.00 for the electrical). The user of this book is  
t o  supply escalation forward, of his own choice. 

The towers tabulated in Figure 5 for 37 machines have much 
more scatter due to - usually - widely varying foundation condi- 
tions. However, a careful evaluation of the most current work 
shows, reduced to the same basin specifications, the RMD type will 
contract for approximately $20.00 per tower unit, compared to 
the $13.45 for the Class 600 type. 

In the following pages a rating adjustment system i s  provided 
for the user of the book who has obtained a base hyperbolic quo- 
tation with a set  range, approach, wet-bulb, and relative humidity. 
Having established the cost of the base tower, the user of the book 
can manipulate the rating conditions and/or anticipate increases in 
a base tower's cost as conditions change. In the five years between 
issues of Managing Waste Heat, the hyperbolic s i tes became poorer 
from a foundation standpoint, and not only do costs swing widely 
between different jobs, but the spread between different bidders 
on the same job has been expanded. A ballpark figure for a hyper- 
bolic i s  around 2.2 to 2.6 times the Class 600 tabulation, or $30 to 
$35 per tower unit. 
. Interest in the parallelpath plume abatement style of tower has 
been very low a t  the date of publication. However, the few towers 
which have been supplied are successful and their on going cost 
would be 2% to  3 times the standard Class 600. The principal water 
conservation tower of the current era is, of course, San Juan Sta- 
tion and the cost of such a machine is  extremely high, perhaps 5 to  
8 times tabulated figures for the Class 600 double flow. This, plus 
the penalties of higher operating temperatures. However, later in 
the century more must come. 

4 
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PREFACE 
To The Third Edition 

May, 1978 

I t  is  a goal of this narrative to be universal in i t s  application to 
all designers/manufacturers/tower erectors. For the sake of word 
economy, however, the following nomenclature - which & Mar- 
ley's - will be repeated in describing major power plant-tower 
types - made by whomever: 

CLASS 600: Rectangular wood frame, single row of fans in- 
'line, double flow, cross flow structures having splash bar fill- 
ing of wood, cement asbestos board (CAB), vinyl, or poly- 
pro py I ene. 
CLASS 600 RMD: (Round Mechanical Draft) In situ and/or 
precast round concrete fan structure and distribution flume 
circumscribed by a circular or polygonal wood cross flow fi l l  
structure having same fills as ( 1) above. 
CLASS 700: Means an a l l  concrete cross flow structure. It 
may have splash bar filling as (1) and ( 2 )  above. Or, it may 
have a CAB plate fi l l  or complex high performance vacuum 
formed vinyl fill. I t  may be arranged as (1) abov:, or (2) 
above, or circumscribing a shell, hence Class 700 Hyperbolic 
(4). 
CLASS 600, WOOD FRAMED HYPERBOLICS: As dis- 
cussed in previous editions of this work, these are numerous 
in America and world wide, but are now infrequently speci- 
fied. 
CLASS 800: Means an al-l concrete counter flow structure. I t  
may be further arranged as single row of fans in-line, back-to- 
back twin flow, RMD, or within a hyperbolic shell. The fill- 
ing will be complex high performance vacuum formed vinyl 
or CAB plates. 
Certain foreign affiliates, licensees, etc. of Marley Interna- 
tional use the term Class 1000 for major power plant towers 
executed in situ concrete. 
The Specialty Towers are discussed in the companion books 
mentioned a t  the end of this page. Only brief comments on 
these items will appear in the following pages of this narra- 
tive. A very comprehensive nomenclature dictionary appears 
in book number 9, below. 

* * *  

The scope of the second edition was limited to the sizing and re- 
cent cost history of "wet" water cooling towers as heat pollution 
abatement tools for natural bodies of receiving water. The towers 
discussed were the Class 600 rectangular, Class 600 hyperbolic, and 
the introduction of Class 700 RMD. The discussion was particular- 
ly designed for the major power generating industry. This material 
is  repeated in the third edition substantially verbatum, but using 
cost figures generated from jobs evaluatedin the five years between 
the second edition and this edition, and for delivery substantially 
in the years 1977 through 1985. Cost tabulations have been escalat- 
ed and normalized to a conrfacr date of January 1, 1979. The read- 
er is t o  provide escalation of choice for time extensions. While 
m h x e d  per the table, changes may have ensued. Megawatts are 
"gross" - what the tower sees. 

The Class 600 rectangdar wood crossflow tower remains the 
flagship of this book. I t s  rating system and the linear nature of i t s  
size and cost response (as duty advances) make the basic product 
most understandable to the student of cooling towers. The hyper- 
bolic tower discussion has been reworked into Class 700 and Class 
800 concrete structures, with vinyl or CAB fills. Almost a l l  hyper- 

bolic projects have peculiar reasons for being. Solutions are tailored 
to suit needs, Costs and sizes are unpredictable and over indulgence 
in optimization is  futile exercise. Costs of hyperbolics are treated 
in this editioy as variations from some base tower project, the de- 
tai ls of which are to be provided by the reader. 

The second edition, April 1973, of this book mentioned the 
promise of the Round Mechanical Draft (RMD) tower. I t  i s  now a 
major reality receiving added discussion herein. 

A side commentary is  provided on the Plume Abatement towers 
and the Water Conservation towers. While some cost multipliers, as 
a function of the basic wood tower, are being established by real 
life events, the data are insufficient to establish the proven-cost- 
channel theme central in this book. 

In the second edition the author observed that managing the 
effluent vapor, and the visual and sensible effects of very large 
towers would become concerns of the public in early coming years. 
Following this theme, this edition republishes nomograms which 
endble the user of this book to enter sizing tables with rating fac- 
tors, ranges, and inlet wet-bulbs for a specific problem, and read di- 
rectly the total quantity of effluent in pounds of dry air and the 
exit wet-bulb condition. These results, then, become the key input 
for meteorological impact studies. 

The Marley Company is  currently publishing the following 
companion books: 

1. R.D. Landon and J.R. Houx, Jr., "Plume Abatement and 
Water Conservation with the Wet-Dry Cooling Tower", 
American Power Conference of 1973. 

2. J.B. Dickey, Jr., J.D. Holmberg, R.E. Cates, andT.W, Bug 
ler Ill, "Debut of the Round Mechanical Draft Cooling 
Tower", American Power Conference of 1975. 

3. E.P. Hansen and R.E. Cates, "The Parallel Path Wet-Dry 
Cooling Tower", The Marley Company, 1972. 

4. J.D. Holmberg and O.L. Kinney, "Drift Technology for 
Cooling Towers",The Marley Company, 1973. 

5. J.A. Nelson and R.E. Cates, "Dry Cooling Towers for 
Large Power Installations", The Marley Company, 1973. 

6. D.R. Baker and H.A. Shryock, "A Comprehensive Ap- 
proach to the Analysis of Cooling Tower Performance", 
ASME Paper No. 60-WA-85, of The American Society 
of Mechanical Engineers, 1960. 

7. T.-L. Chan, S.-T. Hsu, J.-T. Lin, K.-H. Ksu, N.-S Huang, 
S.C. Jain, C.E. Tsai, T.E. Croley II, H. Fordyce and J.F. 
Kennedy, "Plume Recirculation and Interference in Me- 
chanical-Draft Cooling Towers", in Cooling Tower Envi- 
ronment - 1974, ERDA Symposium Series. (Also avail- 
able as l lHR Report No. 160, Iowa Institute of Hydraulic 
Research, The University of Iowa, Iowa City, Iowa. 

8. Edited by T.C. Elliott, "Cooling Towers", A special re- 
port, Power, New York, New York, March 1973. Reprints 
available from The Marley Company. 

9. J.B. Dickey, Jr., "Evaporative Cooling Towers for Chemi- 
cal and General Industry", The Marley Company, 1978. 

IO. Army, Navy and Air Force Manual, "Engineering Weather 
Data", U.S. Government Printing Office, reprints available 
from The Marley Company. 

- 
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SELECTION METHODS FOR WATER COOLING TOWERS IN THE ELECTRIC UTILITY INDUSTRY 

The power plant optimizer should consider a l l  the variable per- 
formance conditions that exist in the water systems during a l l  oper- 
ating modes. He must be concerned with wide variations in heat 
load and coincidental weather conditions; the performance vari- 
ables that occur within the condenser and water cooling towers; 
and the changes in efficiency of the steam turbine as these various 
loads occur a t  different back pressures. 

The ultimate procedure for selection of the cooling tower would 
involve combining a l l  possible variations of water system equip- 
ment establishing a system heat balance, and evaluating operating 
and first-cost economics for al l  combinations. Calculations can be 
made for short time increments, totaling results, and comparing 
systems on the basis of capitalized annual cost. Once the designer i s  
satisfied that he has the right combination of components, he can 
then specify the condenser and cooling tower equipment in terms 
of specific "design" conditions. These design conditions are gener- 
ally established so that they represent a condition of operation that 
i s  expected during a reasonably large number of hours. This per- 
mits convenient verification of the performance of the equipment. 
Vernier differences in vendor proposals are evaluated as departures 
from design. 

The highest level temperatures existing in this heat  balance oc- 
cur a t  the discharge steam of the turbine within the condenser. The 
condition of this fluid i s  described in terms of absolute pressure, 
generally in inches of mercury units, a t  saturation so that an equiv- 
alent saturation temperature can be specified. 

The turbine can be operated most efficiently in the neighbor- 
hood of an 850 to I O O O F  saturation temperature for full load con- 
ditions where there is a low end loading. For more highly loaded 
blade conditions, the optimum efficiency could occur between the 
range of 11 00 and 125OF. Standard wet cooling towers will oper- 
ate in this region for about half the operating year. Reasonable ef- 
ficiency and reliability i s  assured a t  back pressures ranging up to 
4%" of mercury pressure. At the current time, most turbine equip 
ment i s  guaranteed for operation up to about 5 or 5%" of mercury, 

or 134OF, or slightly higher, saturation temperature. (See Figure 
1). DriTowers, if used, by 1990 will require reliable high back 
pressure turbines, providing the plant i s  evaluated a t  the economic 
optimum back pressure. Third generation nuclear turbines, which 
are currently available, have the capability of operating a t  8.0 In. 
HgA exhaust pressure. 

Condensers are selected by means of establishing an overall heat 
transfer coefficient with foul factor, and are sized to produce a 
given log mean temperature difference between the saturation 
steam temperature and the hot and cold water circulating within 
the tubes of the condenser. The terminal temperature difference, 
that i s  the difference in temperature between the hot water and 
the saturated steam temperature, must exceed 50F a t  design condi- 
tions. This i s  a minimum level established by the Heat Exchange 
Institute.(See Figure 2.) 

The difference in temperature between the hot and cold water 
i s  therefore established and described as the "Range". The "Ap- 
proach" defines the difference in temperature between the cold 
water and atmospheric Wet-Bulb temperature which enters the 
cooling tower. 

The turbine discharge steam i s  the heat SOURCE with the in- 
coming ambient air representing the heat S I N K .  During constant 
load and weather conditions the system may be considered steady 
state. 

Water leaves the cooling tower in the form of evaporative losses, 
drift of small water droplets into the air stream and also, by bleed- 
ing small quantities out of the system. These losses are replaced by 
make-up of fresh water which will then establish a steady s ta te  
mass flow condition, maintaining the desired concentrations of 
solids within the circulating water system. 

Cooling towers are manufactured in a l l  sizes corresponding to 
the required heat loads. Each tower can serve a wide variety of heat 
loads by varying the water loading and air loading within logical 
design limits, optimizing to drift limits, fan horsepower and pump 
head conditions. 
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CROSSFLOW MECHANICAL DRAFT WATER COOLING TOWERS 
Typical Rating Factor Curves For Large Power Plants 

Interpolate between charts for intermediate wet bulbs 

A system for rating mechanical draft cooling towers which has been 
in use for some time permits interpreting each application in terms 
of its relative degree of difficulty. The system is called the Tower 
Unit-Rating Factor method. 

In this system the "Required Tower Units" are numerically equal to 
the Rating Factor times the GPM (gallons per minute of water cir- 
culation). 

1-1 
Rating Factors define relative degree-of-difficulty. An example will 

indicate that a 1.1 Rating Factor is 10% more difficult duty than unity, 
requiring 10% more fill plan area compared to the area required at 
1.0 Rating Factor. 

This simple equation indicates that for duty conditions involving 
a Rating Factor of 1.0, the Required Tower Units would be numerically 
e;x14-k t k  G?k(.-?G i ~ r t h e r  illustrate how this degrce c: dif-ficelty 
function relates to actual selections, refer to the 70' Wet-Bulb 

35" WET BULB Fig. 3 A  
4 0  

30 
% 
W c) 

Z 

5 
a 
20 

10 
0.5 0.6 0 . 7  0-8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 

RATING FACTOR 

55' WET BULB Fig. 3C 

Rating Factor Curve, and find that one Tower Unit will cool one 
GPM through any of the following combinations. (See Fig. 3E) 

RANGE 9.8 13 16.7 21.2 26.8 
APPROACH 8 10 12 14 16 

The Rating Factor curves permit evaluating not only summer design 
conditions, but also cold weather operating conditions at normal or 
reduced water flow rates. Interpolation of data between tables is 
permitted, while extrapolation beyond the intended limits of the data 
is nof recommended. 

The Rating Factors provide a convenient means of interpreting 
relative degree of difficulty for the water cooling tower. All the most 
logical design conditions relative to the electric utility industry are 
well within the limits of this data. Later, this discussion shows that 
cost js a function of "Required T.U.". An3, $,e? "A-~~i'Eii&i T.U." 3111 
a set selection, GPM and "R.F. Capability" are reciprocal. 

45 '  WET BULB . Fig. 38 

RATING FACTOR 

65" WET BULB Fig. 3D 

RATING FACTOR RATING FACTOR 

The Marley Company publishes expanded work sheet copies of the above curves f o r  distr ibution to quali f ied users. On these, 
the ranges, approaches, and wet-bulbs cover a wider range. Contact the author or Marley field offices. 
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CROSSFLOW MECHANICAL DRAFT WATER COOLING TOWERS 

70" WET BULB Fig. 3E 
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74" WET BULB Fig. 36 

RATING FACTOR 

Fig. 3F 72" WET BULB 
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Fig. 3H 76" WET BULB 
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RATING FACTOR 

78" WET BULB Fig. 31 80" WET BULB Fig. 3J 

RATING FACTOR RATING FACTOR 

The Marley Company publishes expanded work sheet copies of the above curves for distribution to qualified users. On these, 
the ranges, approaches, and wet-bulbs cover a wider range. Contact the author or Marley field offices. 
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THE MECHANICAL DRAFT COOLING TOWER 

The preceding charts have established a method for determining 
the relative degree of difficulty and have described this as a Rating 
Factor. Since the cost of the tower will vary directly as the Rating 
Factor or difficulty expression, and since the cost of the tower will 
vary directly as the GPM, it follows that the product of these two 
cost variables, again the Required Tower Units, is the truest cost 
function. 

The Tower Unit will be recognized as a synthetic square foot of 
heat transfer hardware used in much the same expression as a 
square foot of surface condenser. The power plant designer or engi- 
neer performing an optimization may accumulate a library of 
known costs, per-Tower-Unit and per-square-foot-of-condenser, as 
a means of projecting historical costs into the future. Since the 
ability of a tower to cope with a relatively more difficult or rela- 
tively easier condition i s  quite similar to the same action in a sur- 
face condenser, it follows that in an evaluation problem they be- 
come reciprocal costs - more of one indicating less of the other. 

In a once-through cooling tower, if the hot water is of a con- 
stant temperature it may be metered over a cooling tower of 
known Available Tower Units to provide a desired terminal differ- 
ence between the discharge water temperature and the receiving 
stream. The fixed capability expressed by Available Tower Units 
and the variables of gpm, range, approach, and wet-bulb describe 
thqrejected heat that can be prnceqg& hy the tnwer- or,per contra, 
how the tower must shed load if a terminal difference problem or a 
trim duty exceeds Available Tower Unit capacity. 

If one i s  given a sufficient variety of historical tower costs with 
statistically adequate distribution of rating factors, then a channel 
of costs-per-Required-Tower-Unit for equipment of equivalent 
specifications may be constructed. In Figures 4 and 5, such a group 

of data has been developed reflecting typical electric utility tower 
costs for projects evaluated between the second and third editions 
of this book. These applications range in size from a single 100 
megawatt machine to  a pair of 1300's. They involve a suitable dis- 
tri bution of conventional recirculating cooling tower systems; 
"helper" tower systems in which the cooling tower is  used only 
during the hottest summer weather, and trim towers used t o  main- 
tain specified terminal difference between the tower cold water 
and the receiving stream. 

These examples reflect a suitable variety of application condi- 
tions including range variations from 15.00 to over 350, and one as 
high as 500; wet-bulb variations are from 600 to 800 a t  design; and 
approach variations are from 60 to  21.60. The design rating factors 
represented by this group of jobs span from .650 to  as high as 2.0. 
However, holding certain of the variables the reader may return t o  
the Rating Factor charts and construct operating line curves a t  
lower wet bulbs, and/or different Rating Factor difficulty; and/or 
similar manipulations including gpm variations and wet-bulb varia- 
tions. 

In base load towers the BPH fan auxiliary power and pumping 
head are evaluation costs reciprocal to original investment - the 
highly powered unit costing less per Tower Unit. In operating trim 
towers, fans are thermostatically cycled to minimize operating ex- 
pense, while acbipvkq desired c?Id ~~2'3%:. Selections made with 
low gpm and high hot water temperature have a "potential" advan- 
tage, and improved air rate, reflecting lower cost. These factors, 
plus labor variance, cause the scatter of +12% in $/T.U.; and ex- 
plain why $/T.U. is less scattered than $/BTU or $/gpm. (See bot- 
tom line, Figure 4.) Air rate variance is discussed later. 

FIGURE 4: ACTUAL COOLING TOWER SELECTIONS FOR POWER STATIONS. CLASS 600, WOOD, MECHANICAL DRAFT. COST FIGURES GENERATED FROM JOBS 
EVALUATED IN THE FIVE YEARS BETWEEN THE SECOND EDITION AND THIS EDITION, AND FOR DELIVERY SUBSTANTIALLY IN  THE YEARS 1977 
THROUGH 1985. COST TABULATIONS HAVE BEEN ESCALATED AND NORMALIZED TO A CONTRACT DATE OF JANUARY 1.1979. THE READER IS TO PRO. 
VIDE ESCALATION OF CHOICE FOR TIME EXTENSIONS. 

Machine 
Number 

32 
33 
34 
35 
36 
37 
38 
39 
4 0 & 4 1  
42 & 43 
44 
45 
46 
47 
48 & 49 
50 
51 
52 & 53 
54 
55 & 56 
57 & 58 
59 & 60 
61 
62 
63 & 64 
65 
66 
67 
68 & 69 
70 

8 

Mega- 
watts 

322 
550 
400 
500 
526 
235 
100 
400 
1 00's 
860s 
350 
21 8 
500 
440 
570's 
508 
350 
400's 
500 
235's 
350's 
450's 
57 2 
450 
180's 
591 
7 50 
447 
1 80's 
110 

103 OF 

GPM H.W. 

120.0 118.6 
220.0 101.33 
150.0 110.2 
187.7 107.86 
190.3 120.0 
144.4 104.7 
56.5 105.0 

170.0 110.0 
165.0 105.0 
334.0 113.4 
143.7 111.1 
87.0 101.0 

155.9 121.5 
240.0 110.0 
220.0 104.9 
160.0 115.6 
143.7 111.1 
160.0 110.3 
220.0 113.0 
130.0 109.3 
179.0 102.9 
200.0 114.0 
185.0 117.0 
166.0 120.5 
110.0 110.0 
230.0 112.0 
372.0 100.0 
153.0 110.8 
117.5 96.0 
107.5 128.0 

OF 
C.W. 

89.0 
80.3 
91.1 
82.0 
92.0 
86.0 
85.0 
86.0 
80.0 
88.0 
83.0 
76.0 
87.5 
94.5 
79.0 
81.6 
83.0 
84.5 
89.0 
90.0 
80.6 
90.0 
89.0 
90.0 
90.0 
92.0 
82.0 
84.0 
80.0 
78.0 

OF 
W.B. 

75 
66 
79 
67 
79 
80 
75 
79.7 
65 
75.5 
65 
64 
71 
82 
67 
60 
65 
65 
79 
79.7 
66 
76 
77 
76 
80 
80 
70 
63 
71 
65 

OF 
RNG. 

29.6 
21.03 
19.1 
25.86 
28 
18.7 
20 
24 
25 
25.4 
28.1 
25 
34 
15.5 
25.9 
34 
28.1 
25.8 
24 
19.3 
22.3 
24 
28 
30.5 
20 
20 
18 
26.8 
21.5 
50 

OF 
APP 

14 
14.3 
12.1 
15 
13 
6 

10 
6.3 

15 
1 2 5  
18 
12 
16.5 
12.5 
12 
21.6 
18 
19.5 
10 
10.3 
14.6 
14 
12 
14 
10 
12 
12 
21 
9 

13 

109 
BTU/Hr 

1.776 
2.313 
1.433 
2427 
2.664 
1.350 
0.565 
2.040 
2.063 
4.242 
2.01 9 
1.088 
2.650 
1.860 
2.849 
2.720 
2.019 
2064 
2.640 
1.255 
1.996 
2.400 
2.590 
2.532 
1.100 
2300 ' 
3.348 
2.050 
1.263 
2.688 

FAN Rating 
BHP Factor 

2970 1.063 
2604 1.085 
1350 0.837 
2288 1.150 
2444 0.987 
1267 1.468 
805 1.153 

2240 1.647 
2200 1.191 
3614 1.068 
1485 1.057 
1435 1.539 
1918 1.095 
1670 0.652 
2880 1.441 
2000 1.119 
1485 1.057 
1710 0.916 
2832 1.071 
1000 0.957 
2100 1.104 
2388 0.913 
2492 1.125 
2000 1.052 
1344 0.995 
2100 0.845 
4914 1.044 
1700 0.913 
1593 1.495 
1960 2.044 

No. Twr. l o 4  BHP lo3 $ Per 103 $ Per 
Units PerT.U. 

127,560 233 
238.700 110 
125,550 108 
215,855 106 
187,826 130 
211.980 60 

65,145 124 
279,990 84 
196,515 112 
356.712, 218 
151,891 98 
133,893 171 
170,710 112 
156.480 107 
317,020 91 
179,040 112 
151,891 98 
146,560 116 
235,620 112 
124,410 81 
197,616 106 
182.600 131 
208,125 119 
174,632 115 
109,450 123 
194,350 109 
388,366 127 
139,689 121 
175,663 110 
219,730 89 

Class 600 Tower Cost w/Moton & Erection 
Estimated Add for Concrete Basin & Sump 
4160/480 Transformer, Wiring & Controls 

Scatter of the Best 85% of 39 Sets j f  Data 
Awrage all 39 Machines 

M.W. 

4.033 
5.495 
3.278 
5.654 
4.228 

12.384 
9.169 
9.636 

23.472 
5.519 
5.846 
7.098 
4.698 
4.504 
6.670 
4.715 
5.7 19 
5.097 
6.199 
7.1 50 
5.244 
4.737 
4.185 
4.931 
7.137 
3.846 
6.868 
4.260 

10.010 
22.704 

$5.930 
.48 
.48 

$6.89 
?; 65% 

- 

lo6 BTUIHr. 

1.1041 
1.3067 
.9150 

1.2203 
.E348 

2.1550 
1.6229 
1.8065 
1.1378 
1.1 190 
1.0136 
1.4222 
,8863 

1.0654 
1.3344 
.E807 
.9913 
.9876 

1.1736 
1.3379 
.9284 
.E876 
.91 80 
3762 

1.1679 
,9881 

1.5380 
.9288 

1.4267 
9.290 

$1.110 
.09 
.09 

$1.29 - + 28% 

- 

1 o3 s Per 
1 0 3 ~ ~ ~  

10.821 
13.739 
8.741 

15.057 
11 386 
20.155 
16.229 
21 5 7 9  
14.226 
14.212 
14.240 
17.786 
15.066 
8.257 

17.281 
14.972 
13.927 
12.742 
14.083 
12.915 
10.351 
10.650 
12.941 
13.366 
11 5 7 9  
9.881 

13.848 
12.445 
15.336 
23.230 

$1 3.100 
1.050 
1.050 

- + 23% 
$1 5.20 

JAN. 1,1979 
$ Per T.U. 

10.25 
12.66 
10.45 
13.10 
1 1 .80 
14.10 
14.12 
13.91 

(2) 11.96 
(2) 14.35 

13.50 
11.55 
13.70 
12.20 

(2) 12.00 
13.36 
13.20 

(2) 13.85 
12.25 

(2) 13.60 
(2) 12.60 
(2) 11.70 

11.45 
12.72 

(21 11.80 
11.75 
13.30 
13.55 

(2) 12.40 
11.35 

$12.45 
1 .oo 
1 .DO 

S14.45 
f 12% 
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THE NATURAL DRAFT COOLING TOWER 

~ The tower unit-rating system which is used for mechanical draft 
towers i s  not  applicable to the hyperbolic natural draft tower. 
However, curves are presented on pages 10 and 1 1  which enable 
performance and cost manipulation of a basic 500 foot hyperbolic 
tower selection. The curves are presented in terms of relativity, and 
if absolute dollar amounts are desired then the user must obtain a 
base point quotation. It i s  useful to know that the curves on page 
17 are also for a 500 foot shell and the changes wrought by wet 
bulb and humidity variations would follow these slopes closely for 
a fixed range and water loading, For the curves on pages 10 and 11 
the degree of difficulty i s  built in as a function of total heat reiec- 
tion. The degree of difficulty increases with reduced relative hu- 
midity or reduced approach. And, comparisons to mechanical draft 
can be made by comparing different points on the natural draft 
curve with rating factor points on the mechanical draft curves. 
Draft i s  influenced by the effective height of the shell - our exam- 
ple i s  500 foot - and temperature conditions which influence the 
change in air density between the inlet and outlet of the fill cham- 
ber. High inlet water temperatures also increase the  draft of the 
natural draft tower. The curves have been constructed for f i l ls  hav- 
ing characteristics of high thermal coefficients and low pressure 
drop and are applicable to  both cross flow and counter f low with 
near same characteristics. When both mechanical and natural draft 
designs are selected for a given summer design condition, the natur- 
al dr;lft,Lower .will haye considerably greater performance dgring 
colder weather. Both designs have increased mass air  f low rates due 
to greater air density at  low wet-bulb temperatures. A mechanical 
draft unit is  a constant volume design, whereas the natural draft 
unit benefits from both increased density and increased volume, 
due to the additional draft created by the higher temperature dif- 
ferential required for a given enthalpy change a t  a constant head 
load. The higher temperature differential results in a greater air  
density driving force which increases the air flow rate. 
INSTRUCTIONS FOR CURVES - pages 9 and 10 

Defining the abscissa of the charts as a relative heat load factor 

(HF), a numerical rating can be made for a given se t  of design con- 
ditions, and performance of the tower determined for any combin- 
ation of heat load, range and flow within the span of the charts. 
The charts plot App., W.B., Rng., and R.H. relationships a t  a fixed 
(GHR) gross heat rejection transferred by a tower. Using the nu- 
merical HF from the charts a t  a design point, the performance a t  
any other ambient condition on the charts can be determined by 
entering alternate charts a t  the same numerical HF, if the heat load 
isconstant. For instance, i f a  design point is  250R, 50% RH,14OA., 
to 750 WB (Figure 6F), the HF i s  1.7. The approach a t  25% RH 
and 720 WB (Figure 6J) can be read a t  HF =1.7 as 180. For a high- 
er flow rate and 150 range a t  the same GHR as a t  the design point 
and 50% RH, 70.20 WB, the approach can be read on Figure 6E as 
200 a t  HF = 1.7. 

Further, for other heat loads, the performance can be deter- 
mined on each chart by multiplying the design point heat load fac- 
tor (HF) by the inverse ratio of the two heat loads. Performance a t  
any range or ambient on the charts can be indexed a t  this modified 
HF, based on the design HF and heat load change. For instance, 
using the design point in the preceding paragraphs, performance a t  
half heat load: 

2 

a t  150R an_d 25% RH (Figure 611, the approach for ?80WB can be I 

read a t  HF = 3.4 as 160. Generally, then, performance a t  any con- 
dition within the charts can be interpolated using a base heat load 
factor (HF1) a t  a design point and determining a modified factor 
(HF2) for any changed conditions by the following equation, 
HF2=HFl(GHR;)=HFI( GPM1 x R 7  x 500 

And, for comparison of tower cost a t  different design points: the 
Cost of Tower2 = Cost of Towerl GHR 

) GHR GPM2 x R2 x 500 

FIGURE 5: ACTUAL COOLING TOWER SELECTIONS FOR POWER STATIONS, ROUND MECHANICAL DRAFT, CLASS 600 AND CLASS 700, 
EVALUATED IN THE FIVE YEARS BETWEEN THE SECOND EDITION AND THIS EDITION, AND FOR DELIVERY SUBSTANTIAL- 
LY IN THE YEARS 1977 THROUGH 1985. COST TABULATIONS HAVE BEEN OMITTED DUE TO SCATTER, BUT ARE CENTER- 
ING AROUND $20 PER TOWER UNIT, ERECTED, WITH SlMPLE BASIN (LESS ELECTRICAL) BASIS JANUARY 1, 1969 CON- 
TRACT DATE. 

Machine 
Number 

71 
. 72 

73 
74.75 
76-79 
80,81 
82 
83, 84 
85-87 
88-90 
91 
92, 93 
94-96 
97 
98,99 
100 
101,2 
103 
104, 5 
106,7 
108 

No. of 
RMD Towers Mega- 
Per Machine Watts 

6 
1 
2 
3 
2 
4 
1 
1 
3 
3 
2 
1.5 
3 
1 
1 
1 
1 
1 
2 
3 
2 

1100 
550 
480 

1 180's 
640's 
934's 
425 
550's 
1300's 
1300's 
67 5 
500's 

1 270's 
400 
450's 
235 
567 's 
550 
7 50's 

1 150's 
685 

103 OF 

GPM H.W. 

570.0 104.3 
172.0 120.0 
254.9 112.0 
690.0 111.0 
332.0 114.0 
560.2 118.5 
205.0 116.0 
212.4 117.23 
725.0 112.0 
725.0 112.0 
278.0 115.0 
210.0 114.0 
587.0 118.8 
190.0 115.0 
179.0 116.5 
120.0 105.0 
200.0 119.0 
214.4 117.2 
257.0 118.0 
620.0 118.7 
282.0 116.1 

. 

O F  

C.W. 

76.3 
90.0 
91 .o 
88.6 
91.2 
93.0 
95.0 
91.0 
88.0 
88.0 
90.0 
88.0 
87.3 
91.0 
90.0 
85.0 
88.0 
91.0 
90.0 
92.0 
90.0 

O F  

w.0. 

60 
80 
81 
76 
80 
81 
78 
82 
76 
76 
76 
74 
76 
79 
77 
76 
74 
82 
79 
78 
76 

OF O F  

Range APP. 

28 16.3 
30 10 
21 10 
22.9 12.6 
22.8 11.2 
25.5 12 
21 17 
26.23 9 
24 12 
24 12 
25 14 
26 14 
31.5 11.3 
24 12 
26.5 13 
20 9 
31 14 
26.23 9 
28 1 1  
26.7 14 
26.1 14 

1 og 
BTU/Hr 

7.980 
2.580 
2.677 
7.900 
3.785 
7,074 
2.153 
2.786 
8.700 
8.700 
3.475 
2.730 
9.245 
2.470 
2.372 
1.200 
3.100 
2.786 
3.598 
8.277 
3.682 

Fan Rating 
BPH Factor 

6600 1.354 
2352 1.259 
2604 .998 
7800 .983 
3680 .976 
5472 .952 
1560 .658 
2912 1.207 
8697 1.057 
8697 1.057 
2784 .935 
2400 1.014 
6768 1.307 
2051 .973 
2470 1.011 
1384 1.229 
2106 1.123 
2912 1.207 
2436 1.093 
5694 .921 
2640 .942 

No. Tower 
Units 

771,780 
21 6,548 
254,390 
677,097 
323,999 
532,975 
134,890 
256,366 
766,615 
766,615 
259,930 
21 2,940 
767,209 
184,870 
180,964 

224,600 
258,780 
293,597 
57 1,020 
265,644 

147,480 

lo 4  BHP 
Per T.U. 

85.5 
108.6 
102.4 
1 15.2 
113.6 
102.6 
1 15.6 
113.6 
113.4 
113.4 
107.1 
112.7 
88.2 
110.9 
136.5 
93.8 
93.8 
112.5 
86.7 
99.0 
99.4 
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CONSTANT BTU PERFORMANCE/COST CURVES 
FOR HYPERBOLIC TOWERS - CROSSFLOW OR COUNTERFLOW 

See page 9 for usage directions. 

Interpolate between charts for intermediate ranges or relative humidity. 
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CONSTANT BTU PERFORMANCE/COST CURVES 
FOR HYPERBOLIC TOWERS - CROSSFLOW OR COUNTERFLOW 

See page 9 for usage directions. 

Interpolate between charts for intermediate ranges or relative humidity. 
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APPROACH (DEG F l  

OPTIMIZATION OF 
MAIN CIRCULATING WATER EQUIPMENT 

Plant designs are evaluated to determine year-round economics 
with different combinations of water system components. The 
tirst cost of the condenser, cooling towers, circulating water pip- 
ing, and pumps are the essential variables of a "First Cost" curve. 
In the sample evaluation routine we add to this the cost of the 
additional plant to produce the auxiliary power, and the present 
worth cost of the auxiliary power consumed that might otherwise 
be sold. The higher the first cost of the cooling system, then the 
higher the turbine back pressure optimization will be, where upon 
the evaluation ratchets through a l l  plant equipment. 

Each plant designer has his own way of optimizing range and 
approach of the cooling tower versus the reciprocal costs of the 
condenser, and effect on the turbine-generator set. The most ac- 
curate evaluation will be that which has the shortest time incre- 
ment. Hourly studies on a year-round basis assigning coincidental 
plant loads to  the probable ambient weather for each of the 8760 
hours i s  the ultimate in accuracy, but is burdensome. And, if the 
s i te  i s  new and remote, inaccuracy of weather data and coinci- 
dence of demand, may invalidate the conclusions. 

The simpliest acceptable extreme i s  probably monthly average 
weather conditions from a nearby station, with a proven channel 
of coincident load conditions. The error involved here would be re- 
lated to fuel costs and capability replacement power. For, in actual 
operation, as a high wet-bulb condition is encountered- within a 
monthly period, plant heat rates will rise due to turbine ineffici- 
encies a t  high back pressure. The net result i s  that the fuel cost 
component of the evaluation will be low. The average temperature 
for a monthly time period i s  usually far below the maximum tem- 
perature, making it possible to misinterpret the maximum back 
pressure that might be encountered during the hottest periods of 
the summertime. Such a plant could be forced to shed load and i t s  
system import power. 

A steady state condition i s  established in a power plant between 
the heat source, which i s  a t  the temperature of the turbine dis- 
charge steam, and the heat sink which is  a t  the ambient wet-bulb 
temperature. The turbine discharge steam i s  a t  the highest level 
and develops a thermal difference with the condenser. The con- 
denser, being cooled by water within the tubes, establishes a tem- 
perature difference between the hottest water and the saturation 
temperature of the steam within the condenser shell. This terminal 
temperature difference is synonymous with the term "approach", 
used with the cooling tower, but in the opposite direction. The 
actual sizing of the steam condenser i s  based on the log mean tem- 
perature difference between the steam saturation temperature and 
the hot and cold water within the condenser. Condensers may be 
designed with single or two pass water circuits and the shell side 
may have one to three different pressurized compartments. Multi- 
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pressure designs permit segregation of the hottest water to the 
highest pressure compartment providing an economic advantage in 
the average compartment pressure. 

Our sample plan:,js a 1300 mggawatr machine with a GHR of 
6.0 x 1 O6 BTU's per hour to the condenser/tower. When operated 
a t  3" of mercury back pressure it exhausts 11 5OF saturated steam. 
Assuming the heat sink i s  a 7OoF wet bulb, there i s  a total temper- 
ature differential of 45OF, within which the cooling tower and 
condenser must perform. (See Figure 7.) These conditions are typi- 
cal of many si tes for major power plants using cooling towers. Of 
course, a sophisticated year-round evaluation would include incre- 
mental costs for every heat load, back pressure, wet bulb, and 
hours duration involved, summing operating Fuel Costs for each 
increment. Holding the turbine at constant back pressure while 
varying the size of tower, condenser, and pump permits interpreta- 
tion of range-approach conditions without considering differential 
generation, although auxiliary power considerations are needed to 
complete an evaluation curve. Such an evaluation would be con- 
ducted for several terminal temperature differences. The diagram 
illustrates a single pressure condenser. I t  could be interpreted as 
multi-pressure, assuming the 3" HG represents the average back 
pressure. Our sample uses performance and cost data presented in 
this paper. Since the back pressure is  constant, assuming a constant 
heat load and a constant heat rate, the factors relative to turbine 
out put and differential fuel costs are omitted from this exercise. 
(See Figure 8.) 

The GPM for each of the four selections is established by divid- 
ing the gross heat rate by the product of range times 500. Holding 
the hot water a t  11 O°F, ranges of 15, 20, 25, and 30, have recipro- 
cal approaches to  70° wet-bulb of 25, 20, 15, and 1 O°F. Log mean 
temperature differentials are then calculated rigorously and con- 
denser surface required is  determined by dividing the GHR by the 
product of LMTD and overall transfer coefficient. On line 6 the 
condenser cost estimate is determined by multiplying the required 
square feet of condenser surface determined on line 5 by a budget 
of $6.20 per square foot. 

Next on line 7 the pumps and circulating piping must be costed 
rigorously for an assigned 75 feet of total dynamic head and the 
several circulating rates shown on line 3. 

The number of required tower units indicated on line 9 for each 
of the four conditions i s  the product of the GPM for that condi- 
tion and the rating factor found from the charts on pages 6 and 7. 
The tower first cost i s  the product of the*required tower units and 
the average cost per tower unit from Figure 4 on page 8. The esti- 
mated fan brake horsepower i s  the product of an average brake 
horsepower required per tower unit, again from column 13 in 
Figure 4, and the required tower units. Our pump horsepower is  
calculated from a previously determined 75 foot total dynamic 
head, a 92% drive efficiency, and an 85% pump efficiency. 



STEAM 

COOLING 
TOWER 

HEAT TRANSFER 
DIAGRAM 

CONDENSER- 

Fig. 7 

.. HtHl 
SOURCE STEAM 

115'- A 1 CONDENSING TEMP. ' 
I 

15' 

IEAT SINK -- 

80' ............ 4 

APPROACH TO 
ENTERING W.B. 

70' WET BULB 

10 

(50% R.H.) -- - - _ _ _ _  EXCHANGER LENGTH *a-- 

FlGURE8. A SAMPLE EVALUATION ROUTINE FOR 1300 M.W., 6 x l o g  G.H.R., ON CLASS 600 TOWERS 

LINE VARIABLE - BASIS OF SAMPLE 

1 RANGE,OF 
2 APPROACH, OF 

4 
5 
6 
7 
8 CLASS 600 RATING FACTOR 
9 CLASS 600 TOWER UNITS 

3 CIRCULATING RATE, GPM x l o3  
LOG MEAN TEMP. DIFFERENCE, OF 
CONDENSER SURFACE IN SQ. FT. x l o3  W/630 Uo 
CONDENSER COST @ $6.20/SQ. FT. 
PUMPS & CIRC. PIPING COSTED RIGOROUSLY 

10 

12 
13 
14 
15 
16 
17 FIRST COST 
18 EVALUATED COST 

TOWER COST W/BASIN & ELEC. @ $14.45/T.U. 

PUMP BHP FOR 75 T.D.H. 
FAN CAPABI L lTY PENALTY @ $1 OOO/K.W. 
PUMP CAPABI LlTY PENALTY @ $1000/K.W. 
FAN OPERATING COST @ $.0085/K.W./YR. 
PUMP OPERATING COST @ $.0085/K.W./YR. 

1 1 .  FAN BHP 100 IO-~/T.U. 

OPTIMIZATION CURVES 

TOWER 1 

15 
25 

800 
10.7 

890.00 
$ 5,518,000 
$ 6,195,000 

.4213 
337,040 

$ 4,870,000 
3370.4 

19367.6 
$ 2,514,320 
$14,448,230 
$ 100,350 
$ 860,650 
$16,583,000 
$39,311,000 

TOWER 2 

20 
20 

600 
12.3 

774.28 
$ 4,800,000 
$ 5,105,000 

.6578 
394,680 

$ 5,703,000 
3946.8 

14525.7 
$ 2,914,210 
$1 0,836,170 
$ 117,590 
$ 645,490 
$1 5.61 3,000 
$33,942,000 

TOWER 3 

25 
15 

480 
13.9 

685.175 
$ 4,248,000 
$ 4,333,000 

1.0329 
495,790 

$ 7,164,000 
4957.9 

11 620.6 
$ 3,698,593 
$ 8,668,960 
$ 147,610 
$ 516,390 
$1 5,745,000 
$32,096,000 

TOWER 4 

30 
10 

400 
15.3 

622.47 
$ 3,859,000 
$ 3,792,000 

1.7044 
681,760 

$ 9,851,000 
681 7.6 
9683.8 

$ 5,085,930 
$ 7,224,110 
$ 202.980 
$ 420,330 
$17,502,000 
$33,552,000 

CLASS 600 MECHANICAL DRAFT COOLING TOWERS The penalty for capability differences between one system and 
25 20 15 10 another i s  evaluated in terms of dollars per kilowatt. Our sample i s  

reflective of conditions anticipated on a study date of January 1, 
1979 where $1,000 per kilowatt i s  reasonable, possibly, at  the 
lower end of the range for nuclear, and the high end for fossil. 

In studying the electrical operating costs on lines 15 and 16, an 
80% plant capacity factor has been used along with a fuel cost of 
8.5 mils per kilowatt hour. The pumps run 80% of yearly hours 
and the fans 67% of 80%. The present worth of auxiliary power 
consumed by the pumps and fans is taken as six times the one year 
cost. 

Line 17 is the sum of lines 6, 7, and 10. Line 18 i s  the sum of 
lines 13 and 14 plus six times lines 15 and 16. Then, First Costs 
and Evaluated Costs from lines 17 and 18 are plotted in a curve 

tn 40 
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2 30 

I- 
2 25 
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0 

I- 

FIRST 
COST 

3 20 a 
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15 

FIGURE 9. 15 20 
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25 30 presentation in Figure 9. 
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DRIFT AND ELIMINATORS 

Interestingly the quest for high performance eliminators and 
the measurement of low levels of  drift and emission from cooling 
towers dates from the debut of "Managing Waste Heat", National 
Pollution Control Conference, San Francisco, April 2, 1970. There 
the Chief of  the National Thermal Pollution Research Program, 
representatives of a science research cadre based a t  t h e  University 
of Tennessee, and the writer met to discuss solutions to the drift 
and i t s  measurement a t  Turkey Point, Florida. Subsequently, these  
investigators have developed highly sensative isokinetic sampling 
equipment, PI LLS System (Particle Instrumentation by Laser 
Light Scattering), and distribution sampling that has highly char- 
acterized about one half dozen towers. By addressing the author 
interested readers may obtain a copy of a bibliography containing 
over 90 papers on drift management and effluent measurement. 
Our principal investigators, Holmberg and Kinney, have published 
on these topics in "Drift Technology for Cooling Towers" and 
"Drift Management in the Chalk Point Cooling Tower". 

In general, the drift eliminators are concerned with the water 
behavior only in that portion of the tower immediately adjacent 
t o  them. In a counterflow tower only the distribution system and 
the uppermost pnrlion of f b -  fill havg any significant effect. In a 
crossflow tower, the las t  increment of f i l l  and the space next to 
the eliminators are of greatest importance. Numerous factors, 
other than the eliminator design, affect the drift rate from a tower. 
Some of these are obviously factors io be avoided but others are 
subject t o  being evaluated by test .  Examples of the latter are air 
rate (velocity), type of fill, f i l l  slope, eliminator slope ( i f  any), 
space between fi l l  and eliminators, and drain baffle size and orien- 
tation. Eliminators sometimes operate better with warm water 
than they do with no heat load on the tower. The same eliminator 
may function differently if i t s  attitude i s  horizontal, sloped, or 
vertical. Performance will decay with the accumulation of algae 
and clays. A t  the start-up of a tower it will exhale accumulated 

condensation which i s  not drift. Eliminators made of some 
materials do not reach optimum performance until they are 
thoroughly wetted-out. 

The sample ratings lines below are representative of the display 
which The Marley Company has in i t s  eliminator specifications. 
The relationship of  the lines a t  any given velocity reflects the per- 
formance of the three eliminators illustrated, one with respect t o  
the other two. 

The eliminator pictured on the l e f t  i s  the so-called herringbone, 
adopted as the Marley standard in Class 600 crossflow towers in 
the la te  1950's. Al l  of the blades slope in all three axes and per- 
form the necessary function of turning the air upward toward the 
fan. I t s  performance i s  represented by the solid line. 

The eliminator pictured in the center is typical of 177 mm 
European asbestos waves. However, there are extruded vinyl blades 
manufactured in America which have virtually identical perform- 
ance. The two dotted lines characterize i t s  performance a t  two 
different, but commonly used spacings. This eliminator may be 
used horizontally, a t  an angle, or vertically. 

The third picture printed in red i s  characterized by the three 
red curve lines. It is a duplex configuration which besides having 
better drift characteristics, has a much flatter and highly desirable 
~ I n c m  r e s p o n ~ ~  decq.Jhese lines represent 19'9 c+;b? of tbe 
art. The manufacturing equipment has been designed to produce 
eliminator product of varying honeycomb cell size. The center red 
line approximates the demonstrated field performance proven by 
very extensive and accurate tests  a t  t h e  Turkey Point demonstra- 
tion tower, Station Jack Watson, and the Chalk Point Station. 
These towers were equipped with a 9" air travel long cell honey- 
comb, and were tested a t  L/G ratios of 1.4 to  1.7 and velocities 
which varied between 400 feet per minute and 650 f e e t  per 
minute. The desirability of particle size distribution i s  displayed 
in quite another manner on semi-log paper, however, the quality 
of the results i s  similar t o  the relationships below. 

.. 
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Predicting the size and path followed by water vapor plumes of 
both induced draft and natural draft towers i s  to be an expected 
procedure in future site planning and reporting. The behavior of 
plumes with respect to recirculation, interference (between towers), 
and buoyant rise has been the subject of water tunnel modeling by 
Marley a t  the Iowa Institute of Hydraulic Research continuously 
since 1968. These investigations were commissioned to  perfect a 
better definition of  recirculation and interference for multiple 
arrays of rectangular towers in major power plants. The original 
attack was on the effects of height and spacing of individual j e t  
discharges in relieving recirculation and interference, but it has 
steadily moved toward modeling buoyant rise. This work merged 
with the real life problems which surfaced in 1972. The coopera- 
t ive effort of meteorologists and the improved water and air tunnel 
modeling facilities in the United States shall soon extend these 
boundary fields. 

The hyperbolic shell plumes, because of their novelty and visible 
impact, have been profiled from the earliest completion of the 
Keystone and Paradise Stations. The literature has proliferated 
rapidly on these models during the las t  year and the behavior of 
hyperbolic plumes is now the domain of  the client's meteorologists. 

Out of the investigations a t  Iowa have emerged the Round 
Tower-Models. Because of the Round Models' virtual fr_eeSfom from 
recirculation or interference and because of the opportunity to 
cluster Round Tower groups in a manner enabling their plumes to 
combine and reinforce one another, the group effect substitutes in 
the round concrete structure, plume character for the height of the 
hyperbolic shell. Refer to books 2 and 7. 

The effects of tower shape, array, cylinder jets, and height 
are determined by analytical and physical modeling of behavior. 
The input requires the mass, temperature, and moisture data of the 
effluent: When the effluent contains a sa l t  or moisture impact, then 
the drift particle behavior i s  a parallel science as it is properly ex- 
pressed in parts per million of air mass and may vary with wet-bulb 
temperature and humidity. 

CALCULATIONS 

Earlier, in the price data, it was shown that towerunits, which 
are the product of an L/G Rating Factor and the GPM requirement, 
closely measure the economic value of a tower requirement. But, 
the most consistent physical statistic extracted from the Table on 
page 8 would be the scatter of air volume per tower unit. It is+€?%. 
More than anything else, the induced draft tower and hyperbolic 
tower are air moving machines. The air velocity is  limited a t  a fairly 
distinct area of acceptable drift characteristic. Thus, the assump- 
tions in earlier Tables are a statement that cooling tower engineers 
would contrive for a particular problem a set of fans and structure, 
or a hyperboloid that will always exactly suit an air velocity re- 
quirement of the whole system. For the towers under discussion, 
in mechanical draft this has been taken a t  around 550' per minute, 
and for the hyperbolic a slightly lower r a t e  a t  design, and a sub- 
stantially higher rate a t  low wet-bulb, as will be shown in the next 
section. 

The induced draft graphs on page 16 are modeled on an assumed 
water-travel height crossflow tower of approximately 36 feet. As 

/ 

the water travel varies from approximately 30 to approximately 
42, the accuracy of the curve system has a scatter of about -5 to 
+5%. The scatter induced by wet-bulb variations is  minor. Using 
the probable elimination limit appropriate for the towers tabulated 
on page 8, there would be a mean operating AIR MASS FLOW AT 
EXIT equal to the (SYSTEM AIR RATE CONSTANT I N  C.F./Hr.) 
times (THE TOWER UNITS DETERMINED FROM PAGES 6 
AND 7) divided by (THE SPECIFIC VOLUME OF THE DRY AIR 
AT  THE FAN EXIT). The enthalpy rise across the air side, nh, 
would be [ ( R  x GPM x 500) plus the heat of water evaporated plus 
adjustments as required for heat of the pumps and effects of make 
up or blowdown], al l  divided by the AIR MASS FLOW AT EXIT. 
But, factors in the expressions for AIR MASS and ah, are depend- 
ent, one on the other. The graphs on page 16 give a simultaneous 
solution. The required or available rating factor i s  obtained as ex- 
plained on pages 6 and 7 for the appropriate operating conditions. 
As shown by the red line representing Model 1, the upper chart i s  
entered from the l e f t  with the rating factor; the line turns down 
from operating cooling range and turns to left or right on an enter- 
ing wet-bulb turning point. The graph to the left i s  a turning point 
on billions of Btu per hour across the water side (Range x GPM x 
500), and a t  the bottom displays AIR MASS FLOW pounds of dry 
air per hour effluent a t  the fan. The chart to the lower right adds 
Ah and displays EXIT WET-BULB temperature a t  the fan. Model 
solutions 1, 2, and 3 which fo_llow. presume the GPM will be held 
steady on a given tower having a given number of tower units, and 
that the user is  examining effluent a t  different ranges and different 
weather. Such a model tower i s  a constant air volume machine and 
slight changes in pounds of effluent will slightly vary the motor 
load a t  a constant fan pitch. I n  model solution number 4 the range 
is lowered and the water loading is  increased, resulting in slight 
change in the static system and a slightly lower air rate. The charts 
are recommended only for circulation rates within +lo% of design. 

Model (1) problem has a circulating rate of 231,580 GPM a t  
conditions 108.8HW-28.5R-80.3CW-20.3App-60WB. So, heat 
load across the water side is  500 x 28.5 x 231,580 = 3.3 billion 
Btu/hr. From page 6,  interpolating readings from Figure 3C and 
3D, RF i s  1.06. Tower Units are the product of R F  x GPM = 1.06 
x 231,580 = 245,575, required.The red line on page 16 follows the 
trail of 1.06 RF, turn on 28.5R, turn on 60 WB (each way). In 
lower left, chart turns down on 3.3 billion Btu/hr. to read 88.24 
million pounds, as dry air effluent, while to  the right i s  shown 
96.17 Exit Wet-Bulb. 

Model (2) i s  the same tower as Model (1) with design circulation 
rate, hence the same "available" RF and TU. Change the R to 30 
and the WB to 35. The billion Btu across the water is now 3.474. 
From Figure 3A, App i s  34.5 and tower will operate 99.5-69.5- 
35. From page 16, read 91.1 million pounds effluent a t  87 exit WE. 

Model (3) using same rules as (2) above: 25R and 80 WB results 
in 2.9 billion Btu, 11 5.75 HW, 90.75 CW, 85.6 million pounds and 
103.8 Exit Wet-Bulb. 

Model (4) i s  the same TU, but by increasing GPM to 289,000 
RF "available" becomes 0.850. Studying 20R and 70 WE, use Fig- 
ure 3E to develop operating conditions 105.67-85.67-70 and 
page 16 to develop 87 million pounds and 98 Exit Wet-Bulb. 

A counter f low induced draft tower having the same heat trans- 
fer and air system characteristics as the crossflows described above, 
would have the same effluent quantity and conditions. 

15 
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CALCULATIONS FOR EFFLUENT CONDITIONS OF 
HYPERBOLIC NATURAL DRAFT TOWERS 

The hyperbolic natural draft graphs on page 18 are modeled on 
an assumed water-travel height crossflow tower of 55 feet. AS the 
water travel varies from approximately 49 feet to approximately 
63 feet, the accuracy of the curve system reads from 7% low to 7% 
high, with near linear deviation. Other deviation i s  introduced by 
the Wet-Bulb, the curves reading from 2% high a t  49 feet to 2% 
low a t  63 feet. Otherwise, the discussion follows that given under 
CALCULATIONS on page 15. 

It i s  not surprising that cooling tower art has gravitated to 
cross flow and counter flow fill configurations having quite similar 
thermal transfer characteristics and system pressure losses for use 
with a given shell. This, because available air quantity versus the 
system pressure character of the natural draft tower i s  primarily 
determined by the shell height and the design conditions influenc- 
ing density difference. Such counter flow fill systems, depending 
on density difference could range from 4% feet to 9% f e e t  deep 
above a shell opening of 35 feet (25 feet, depending on pump head 
evaluation). 

The Rating Factor-Range turning curves on page 18 are re- 
- p!otted for a typical system ckrac?;ristic esscciaterl with a 500 

foot shell. The Wet-Bulb turning line and Exit Wet-Bulb read-off 
are unchanged. The scale of the Btu and Effluent Mass plot i s  re- 
labeled. In using the system on page 18 an additional parameter i s  
injected by relative humidity, so the user must have in hand a set 
of predicted performance curves appropriate for a particular f i l l  
system and hyperbolic shell at or near 500 foot height. 

Because we have run full evaluations both counter flow and 
cross flow on many alternate design points for a 1300 MW ma- 
chine, i t s  performance curves and conditions will be used as a real 
l i fe  example. A standard packet of performance curves includes 
the nine conditions resulting from a combination of three different 
circulating rates and three different cooling ranges. Two such 
curves have been duplicated below. CRV-72-342 is  for design con- 
ditions, that is, 100% GPM and 100% Range. CRV-72-347 i s  for 
extra load GPM and extra load Range. 

The procedure i s  to enter the performance curve a t  the wet 

bulb temperature of interest. Following a straight line upwards, 
turn on the relative humidity of interest and read the operating 
cold water temperature to the left. The relative humidity - a 
parameter not present on induced draft performance curves - pro- 
duces i t s  effect by air rate change. This directly affects cw read 
off CRV-72-342, per contra, a point constituted by a specific 
GPM-R-CW-WB-RH applies to (and defines) a specific air rate VOI- 

ume. The induced draft rating curves from pages 6 and 7 may then 
be used to synthesize an available hyperbolic rating factor, which 
is an expression of GPM capability, a t  a fixed volume of air, for a 
desired HW-CW-WB. 

Model (5) i s  a t  the design operating point for a 1300 megawatt 
tower. This i s  600,000 GPM, 11 0 HW-20R-90CW-18App-72W~- 
70RH. Applied heat load i s  6.0 Billion Btu per hour. Entering 
CRV-72-342 a t  72 Wet-Bulb, the user projects upward to the circle 
a t  the intersection of 72 Wet-Bulb and 70 RH, and turns left to 
read cold water. Turn to page 7, Figure 3F for 72 wet bulb. Enter- 
ing the chart a t  20 range, move right to the intersection of 18 
approach and read down to rating factor 0.700. Refer then to page 
18. Enter the chart on the red line with the available rating factor, 
turn down on the 20 range line. Turning on 72 wet-bulb, and 
again on 6.0 Billion Btu's, the effluent i s  shown as 140 million 
pounds of dry air per taur. 1.nclr.il.g tr: L% right and turning on 
72 WB, the exit wet-bul b i s  104.4. 

Model (6) is, for convenience, right off the overload curve with- 
out interpolation. Assume the plant i s  operated with 660,000 
GPM, 103HW-22R-81 CW-26App-55WB-75R H. Confirm the capa- 
bility on CRV-72-347 and recall from above Model (5) example 
that a new air volume rate, defining a new tower unit capability, 
i s  established by the performance curve. Turn back to page 6 and 
enter figure 3C a t  22R. Move right to 26 App and read down to 
rating factor .7666. Applied heat load is  500 x 22 x 660,000 
GPM, or 7.26 Billion Btu per hour. 

Refer to page 18. Enter the top chart lef t  to right from RF of 
.7666. Turn down on 27 range. Turning on 55 wet bulb, and again 
on 7.26 Billion Btu's, the effluent i s  read as 172 million pounds of 
dry air per hour. Looking to the right and turning on 55WB, the 
exit WB i s  97.5. 
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CRV-72-342 

W 100% GPU I W X  RANGE 
woow 20.0 
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3 .  

THE PROPERTIES OF SATURATED AIR 
The wet cooling tower effluent is assumed to be a t  saturation 

(100% relative humidity) for all normally expected operating heat 
loads. Therefore previous references to exit wet  bulbs also relate 
numerically t o  exit dry bulbs. 

TEMP 

25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.5 
38.0 
39.0 
40.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
4 8 0 0  
49.0 
50.0 
51.0 
52.0 
53.0 
5 4 0 0  
55.0 
56.0 
57.0 
58.0 
59.0 
6 0 0 0  
61.0 
62.0 
63.0 
64.0 

. 65.0 
66.0 
67.0 
68.0 
69.0 
70.0 
7 1 0 0  
72.0 
73.0 
74.0 
75.0 

----- ENTHALPY 

8.933 
9.316 
9.706 

10.102 
10.505 
10.915 
11.333 
1 1 0 7 5 8  
12.169 
12.586 
13.009 
13.439 
13  .- iTi 
14.320 
14.772 
15.231 
15.698 
16. 173 
16.657 
17.150 
17.651 
18.162 
18.682 
19.213 
19.753 
20.304 
20.865 
21.438 
22.022 
22.618 
23.227 
23.847 
24.481 
25.128 

. 25.789 
26.464 
27.154 
27.858 
28.578 
29.314 
30.067 
30.836 
31.623 
32.427 
33.250 
34.092 
34.954 
35.836 
36.738 
37.662 
38.606 

-------- 
5 P .  VOL 

0 .A .  

12.276 
12 0304 
12.332 
12.361 
12.389 
12.417 
12.446 
12.475 
12.503 
12.532 
12.560 
12 - 5 8 9  

---12 . C ? b  
12 - 6 4 7  
12.677 
12.706 
12 e736 
12.766 
12.796 
12.826 
12.856 
12.887 
12.917 
12.948 
12 a979 
13.011 
13.042 
13.074 
13  106 
13.138 
13.171 
13 e204 
13.237 
13.270 
13 e304 
13.338 
13.372 
1 3 0 4 0 6  
13  0 4 4  1 
13.476 
13.512 
13.548 
13.584 
13 - 6 2  1 
13.658 
13.695 
13.733 
13.772 
13.810 
13.850 
13.889 

------ 

1 TEMP. = temperature, OF 
ENTHALPY = Btu/lb. of dry air 
SP. VOL. D.A. = Specific Volume, ft.3/lb. of dry air 
SP. VOL. MIX. = Specific Volume, ft.3mixtureAb.of d.a. 
DENSITY MIX. = Ib. of d.a. per ft.3 of mixture 
SP. HUMID. = Specific Humidity, Ib. water/lb. d.a. 

SP . VOL 
M I X .  

12 e 243 
12.269 
12.295 
12.322 
12.348 
12.375 
12.401 
12.428 
12.454 
12.480 
12.507 
12.533 
:2.560 
12.587 
12.614 
12.640 
12.667 
12.694 
12.721 
12.748 
12.775 
12.802 
12.830 
12.857 
12.884 
12.912 
12.939 
12.967 
12.995 
13.022 
13.050 
13.078 
13.106 
13.135 
13.163 
13 .191 
13.220 
13.249 
13.277 
13.3U6 
1 3 0 3 3 5  
13.364 
13.394 
13.423 
13.452 
13.482 
13.512 
13.542 
13  572 
13.602 
13.633 

------ 
U E N S  1 T Y  

M I X .  ------- 
0.08167 
0.08150 
0.08192 
0.08115 
0 .08098 
0 .08080 
0 .08063 
0.08046 
0.08029 
0.08012 
0.07995 
0.07978 
0 .07961 
0 . 0 7 9 4 4  
0 .07927 
0.07910 
0 .07894 
0.07877 
0 .07860 
0 .07644 
0.07827 
0.07810 
0.07794 
0.07777 
0 .07761 
0 .07744 
0.07728 
0 .07711 
0.07695 
0.07678 
0 07 662 
0 .07645 
0 .07629 

0.07596 
0.07560 
0.07564 
0.07547 
0.07531 
0.07515 
0.07498 
0.07462 
0.07466 
0.07449 
0.07433 
0.07416 
0.07400 
0.07364 
0.07367 
0 .07351 
0.07335 

0.07613 

SP. 
HUMID. ------ 

U.00273 
U.00286 
0.00300 
0.00314 
0.00329 
0.00345 
0.00361 
0.003 78 
0 0 0 3 9 4  
0 0 0 4 1 0  
0.00427 
0.00444 
0.00463 
0.0048 1 
0.00501 
J .Ob52 1 
0.00542 
d *  0 0 5 6 3  
U.00586 
0.00609 
C 00633 
u 00657 
C.00683 
0.00739 
C.00737 
0.00765 
0.00795 
0.00825 
0 ,008 56 
0.00889 
0 00922 
0.00957 
C - 0 0 9 9 3  
0 .01030 
0.01068 
b.01108 
6.01149 
0.01191 
0.0 1234 
0.01279 
C.01326 
0 .01374 
0.01424 
0.01475 
0.01528 
0.01512 
0.01638 
0 * 0 1 6 9 6  
0.01756 
0.01818 
0.01882 

TEMP. ----- 
76.0 
77.0 
78.0 
79.0 
80.0 
81.0 
82.0 
83.0 
84.0 
85.0 
86.0 
87.0 
88.0 
89.0 
90.0 
91.0 
92.0 
93.0 
94.0 
95.0 
96.0 
97.0 
98.0 
99.0 
100.0 
101.0 
102.0 
103.0 
104.0 
105.0 
1 0 6 0 0  
107.0 
108.0 
109.0 
110.0 
111.0 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
120.0 
121.0 
122.0 
123.0 
124.0 
125.0 

ENTHALPY 

39.577 
4 0  5 6 9  
41.585 
42.626 
4 3  6 9 2  
44.785 
45 .904 
47 .051 
48.227 
49.433 
50.669 
51 .936 
22.-:35 - 
54.568 
55.935 
57 .337 
58.775 
6 0 . 2 5 1  
61.765 
63.319 
64 .914 
66.551 
68 .231 
69.957 
71.728 
73.547 
75.416 
77.335 
79.306 
81.331 
83.412 
85.550 
6 7.74- 
90.005 
92.327 
94.714 
97.168 
99.692 

102.288 
104.958 
107.705 
110.531 
1 1  3.439 
116.433 
119.514 
122.687 

129.318 
132.783 
136.353 

-------- 

--.- .. 

125.953 

SP , VOL 
D.A.  

13.930 
13 .970 
14.011 
14.053 

------ 

14.095 
14.138 
14.182 
14.226 
14 .271 
14.316 
14.362 
14.408 

-*; 4. +56- 
14.504 
14.553 
14.602 
14.653 
1 4  7 0 4  
14.756 
14.809 
14.863 
14.918 
14.974 
15.030 
15.088 
15.147 
15.207 
15.268 
15.330 
1 5 0 3 9 4  
15.458 
15.524 
15.592 
15.660 
15 a730 
15.802 
15.875 
15 .950 
16.026 
1 6  1 0 4  
16  183 
16.265 
16.348 
1 6  - 4 3 3  
16 .521 
16.610 
16 .701 
16 .795 
16 .891 
16.989 

SPIVDL 
M I X .  

13.663 
13.694 
13.725 
13.756 
13.788 
13.819 
13.851 
13.883 
13.915 
13.947 
13.980 
14.013 
14.046 
14.079 
14.113 
14.147 
14.181 
14.215 
14.250 
14.284 
14.320 
14.355 
14 ,391 
14.427 
14.464 
14.500 
14 .537 
14.575 
1 4 0 6 1 3  
14.651 
14.690 
14 .729 
14 .768 
14.808 

* 14.148 
14.889 
14.930 
14.971 
15.013 
15.056 
15 .099 
15.142 
15.186 
15 .231 
15.276 
15.322 

15.415 
15.462 
15.510 

------ 

15.368 

DEhSITY 
M I X .  

0.07318 

0.07285 
0.07269 

------- 
0.07302 

0.07252 
0.07236 
0.07219 
0.0?202 
0.07186 
0.07169 
0.07152 
0 - 0 7  156 
0.07119 
0.07102 
0 .07085 
0.07068 
0 0705 1 
0.07034 
0.07017 
0.07000 
0.06983 
0 e 06965 
0.06948 
0 0693 1 
0.0691 3 
0.36896 
0.06878 
0.06860 
0.06843 
0.06825 
0.06807 0.06789 

0.06771 
0.06753 
0.06734 
0.06716 
0.06697 
0.06679 
0.06660 
0.06641 
0.06622 
0.06603 
0 0 6 5 b 4  
0.06565 
0.06545 
0.06526 
0.06506 
0 ,06487 
0.06467 
0 06447 

5P 
H U M I D .  

0.01948 
0 C2016 
0.02Ci86 
0.02 158 
0.02232 
0 02 309 
0 .02389 
0.02470 
0 .02555 
5 . 0 2 6 4 1  
0.02731 
3 02 823 , . " . .A i .  ,- li, -e 
U.03017 
0.03118 
0.03222 
U.03330 
0 0 3 4 4 1  
0.03555 
0.03673 
0 0 0 3 7 9 4  
0.03919 
b e 0 4 0 4 8  
0.04181 
0.04318 
0.04459 
0 04605 
6.04755 
0 r 0 4 9  10 
0.05069 
0.05253 
0.05403 
0 1 0 5 5 7 7  
0.05757 
0 .05943 
0 .06134 
0 .06331 
0 .06534 
0.06744 
0 .06960 
0 .07183 
0 e0741 3 
0.07650 
0.07894 
G.08147 
G 0 8 4 0 7  
G.08675 
G.08952 
0 1 0 9 2 3 8  
0 .09533 

------ 

-The systems used in this book were first published in the confidential application manuals of The Marley Company 30 years 
ago. In planning "Managing Waste Heat . . , "we placed in motion the proposition tha t  users of every sort could best deal with 
towers in the same language of semi-science we use in house. Some 15,000 copies of the three editions seem to tell us this is true 
and that  lay tower engineers may communicate without the  mysteries of "KaV/L versus UG"! In broadening the scope to 
include effluent, we have bypassed the phenomena and recited the simple results. We earnestly hope this is received as well. 
Valuable assistance was provided by Sr. Engineer Paul A. Lindahl, Jr. 

J.B. Dickey, Jr. 
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THE IMPACTS OF RETROFITTING COOLING TOWERS 
AT A LARGE POWER STATION 

J.M. Burns 
J.M. Nicholson 

Stone & Webster Engineering Corporation 
245 Summer Street 

Boston, Massachusetts 02210 

J.H. Annett 
D.N. Alexander 

Public Service Electric and Gas Company 
End of Buttonwood Road 

Hancocks Bridge, New Jersey 08038 

Abstract 

This paper presents the results of a detailed study of the impacts that a proposed mandated closed- 
cycle, cooling tower retrofit would have on a two unit 2200 MW, nuclear operating facility. The 
paper discusses the complexity involved with such an undertaking, the adverse impact on plant 
performance, increased operating and maintenance cost, schedule considerations, options that would 
minimize impacts, and the overall costs involved with such an undertaking. 

Retrofitting a once-through cooling water system for closed-cycle cooling would require significant 
redesigns, including modifying the cooling water flow; the construction of cooling towers; review and 
refurbishment of the condensers, circulating water pumps, piping pressure rating, chemical feed, 
blowdown, makeup systems, pumps, and pump houses; and providing sufficient circulating water 
piping to form a closed loop system. There are also several site conditions that also would materially 
affect the retrofit, e.g. availability of adequate space to accommodate the towers and support systems, 
site soil conditions, groundwater considerations, etc. The impacts associated with these are presented. 

This paper indicates that retrofitting a large two unit operating nuclear facility for closed-cycle cooling 
would not simply involve adding cooling towers to the existing cooling water system. Rather, the 
effort would require substantial new construction, demolition, and reconstruction activities that could 
result in replacing, reinforcing, or abandoning a significant portion of the entire existing circulating 
water system. Such a retrofit project would be wide-scale and complicated and would be 
unprecedented at a facility of the size studied. 
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THE IMPACTS OF RETROFITTING COOLING TOWERS 
AT A LARGE POWER STATION 

Salem Cooling Tower Studies and Background 

In 1990, Public Service Electric and Gas Company (PSE&G) received a "draftt' permit from the New 
Jersey Department of Environmental Protection Division of Water Resources, Bureau of Industrial 
Discharge Permits. The draft permit identified the Department's intent "to restrict and control the 
cooling water intake and the discharge of pollutants to the Delaware River. "a) If this permit were 
finalized, it would have required the retrofitting of a closed-cycle cooling water system at Salem 
Generating Station. 

Salem Station is a two-unit Westinghouse pressurized water reactor nuclear plant of 2200 MW that 
utilizes a total of approximately 2,200,000 gpm in its present once-through system. The Salem site is 
located along the eastern shore of the Delaware River in Lower Alloways Creek Township, Salem 
County, New Jersey about 8 miles southwest of Salem, New Jersey. 

As a result of this notification, PSE&G and Stone & Webster Engineering Corporation (Stone & 
Webster) developed conceptual closed-cycle cooling system designs, capital cost estimates, 
engineering and construction schedules, and determined performance penalties associated with the 
possible retrofitting of the Salem Generating Station with closed-cycle cooling. The results of the 
1990 study were presented to the New Jersey Department of Environmental Protection and Energy in 
January 1991. (It should be noted that the 1990 capital cost and scheduling results were reviewed in 
1993 as a way of ensuring that the earlier established costs and values were still valid given a two- 
year time lapse.) 

The submittal described the retrofitting of both natural and mechanical draft towers over a range of 
shutdown periods. The shutdown periods ranged from assuming orderly efforts to permit, engineer, 
and construct a closed cycle cooling system on a retrofit basis for each Salem unit to an immediate 
shutdown of both Salem units and an accelerated "high risk" construction and restart schedule. 

The accelerated schedule's purpose was to minimize replacement power costs during construction of 
the cooling towers and the completion of the extensive modifications to the circulating water system. 
The accelerated schedule sequencing typifies a fast-track engineering and construction effort with an 
expedited completion of the overall project. It contemplates engineering, procurement, and site 
preparation activities to begin before the required environmental permits are received, to the extent 
that this is legally possible. It also requires a large commitment of utility funding, manpower 
resources, and additional construction crews working double shifts to shorten the duration of critical 
path project activities. 

Existing Cooling Water System 

Salem's two base-loaded nuclear units are essentially identical, each consisting of a Westinghouse 
pressurized-water reactor and turbines rated at net nameplate electrical outputs of 1,162 MWe. At 
Salem, each unit's circulating cooling water system shares a common shoreline intake structure on the 
Delaware River. 



Each circulating water system supplies approximately 1,100,000 gpm of brackish Delaware River 
water to each unit to dissipate the maximum condenser thermal heat duty of 7.7 x 109 Btuhr. Water 
enters each of the unit's six intake cells through fixed trash racks, and a vertical traveling screen with 
a Ristroph fish return system. The water is then pumped through each condenser shell via six 
185,000 gpm circulating water pumps. Each pump discharges to a 7 ft  diameter pipe that traverses as 
much as 1400 fi across the site below ground to the condensers. The cooling water lines pass 
underneath the condensate polishing building, administration building, and portions of the turbine 
building to reach the condensers. The condensers are a single-pass design and split into three shells. 
These two condensers contain over 135,000 tubes, each 45 ft long, for an equivalent total tube length 
of 1,100 miles. During normal plant operation, a total circulating water temperature rise of 
approximately 14.5"F is maintained across the condensers. The discharge from the condensers' shell 
is combined and is returned to the river through a buried 10 ft  diameter pipe (3 per unit) which 
travels approximately 1500 ft  before terminating at a submerged discharge point located 500 feet 
offshore. 

Cooling Tower Types Available for Retrofitting 

Some fundamental perspectives on the applicability of various types of cooling towers were found 
useful for consideration before final selections were made. 

A. Wet Cooling Towers 

Whether natural or mechanical draft, the cooling effect of wet cooling towers is mainly due to 
evaporation, so the coolest temperature that the circulating water theoretically can reach is the wet 
bulb temperature. In real practice, however, the resulting cooled water temperature of a large tower 
such as would be required at Salem can only "approach" the local wet bulb temperature. The 
approach that can be achieved is influenced by several major engineering and construction 
considerations (2> including: 

Quantity and quality of the water to be cooled 
Physical size of the structure 
Amount of fresh air that can be practically induced to flow through the tower 
Degree to which the water can be initially dispersed 
Degree and extent of the warm water's contact with the cooling air 
Residence time of aidwater contact 
Relative direction of the air and water 
Amount of moisture the air can hold at 100% relative humidity. 

The last factor governs the cooling tower "approach" as the general ambient temperature diminishes. 
Because cold air cannot hold as much moisture, the percentage of evaporative heat transfer decreases 
and so the cooling tower "approach" appreciably increases as the local temperature drops. This is a 
fortunate circumstance and is the reason why a cooling tower can provide reliable cooling to a power 
station without freezing during cold winter months. 

The type of wet cooling tower also has an impact on the "approach." Mechanical fans can be sized 
and powered to pull in a relatively large quantity of air. But natural draft towers induce an ambient 
air flow by virtue of a chimney effect Le., the draft produced by the combined height of the shell and 
the difference in mixture density between the warm, wet exhaust from the tower's fill section and the 
outside ambient air. Those effects are limited and, in turn, limit the air flow attainable by natural 



draft towers compared to mechanical draft towers. Thus, everything else being equal, the relative 
"approach" of a natural draft tower to a particular wet bulb temperature will be higher. For instance, 
natural draft towers typically only achieve a 12 to 20°F "approach" at design (summer) conditions, 
whereas the mechanical draft towers are capable of achieving closer to a 6 to 10°F design 
"approach. I' 

B. Dry and Wet/Dry Cooline Towers 

Dry cooling towers are much like immense radiators and release the heat of condenser cooling by 
passing ambient air over thousands of banks of f i ~ e d  tubes. Dry cooling towers require no make-up 
water and produce no plume. These advantages, however, are far overshadowed by their poor 
performance when compared to wet towers since that performance relies on local dry bulb 
temperatures rather than the generally much lower summer wet bulb temperatures. Additionally, they 
are much less efficient and if retrofitted to a plant like Salem would result in excessive turbine 
backpressure and require replacement of the existing turbines, as a minimum. Dry towers also 
require more pumping power and fan power than wet towers. Dry towers in the United States have 
been of a relatively small size; a dry tower capable of cooling a plant the size of Salem has never 
been attempted. There have been no US natural draft dry towers and even a mechanical draft dry 
tower design would be unpractically large and inefficient. The latter requires huge amounts of station 
auxiliary power to operate giant fans that are needed to force cooling air through the finned tube 
bundles. 

Wet/dry towers use elements of both the wet and dry towers to reduce evaporation and/or limit the 
occurrence of a visible plume. However, their technology and equipment are inadequate for a plant 
as large as Salem. Wet/dry towers were also determined to have disadvantages similar to dry towers 
if applied at Salem with no major balancing environmental benefits. 

Cooling Tower Designs Applicable to Salem 

The suitability of a particular type of cooling tower for application at Salem necessitates that the 
design have considerable reliable experience in cooling large quantities of circulating water; that it be 
commercially available in the US; that it have the smallest effect on the plant derating especially in 
summer; that it be capable of being designed for the conditions at Salem and located on that property; 
and, of course, that it not be of excessive capital cost. One or more of these requirements obviously 
preclude dry cooling towers, air cooled condensers, and wet/dry cooling towers for serious 
consideration at Salem. The only designs that remain viable are the wet cooling tower natural draft 
and mechanical draft designs. 

Variations within the wet design which may at first glance seem applicable, such as utilizing a fabric 
shell or a Russian research conceptual trifolium design, must also be ruled out. The fabric shell, 
though certainly lighter and less costly than a tall concrete hyperbolic structure has had limited use 
only in dry cooling and only in Eastern Europe. It is not available in the US and its cable support 
system would quickly corrode in the wet aerated salt water spray and drift that continually washes the 
tower. The trifolium design was a recent research concept within scientific circles of the former 
USSR, but has never been tried in actual large scale practice. The advantage of the design was in 
conflicting debate during 1990 a, and likely has suffered an uncertain development since that time. 
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Therefore, based on the above and other considerations only mechanical and natural draft cooling 
towers were considered acceptable for Salem for closed-cycle cooling. Normally, total installed cost 
for both natural and mechanical tower designs is comparable; however, mechanical draft towers are 
more expensive for Salem since more towers per unit are required. Also, tower construction material 
of choice would be concrete. The construction schedule for mechanical towers is usually shorter but 
maintenance and operating costs will be higher and overall space requirements somewhat greater for 
the same duty requirements. 

Because the mechanical draft tower produces cooler water than a natural draft cooling tower and for a 
longer portion of the year, the gross electrical output will be slightly higher than that of a natural 
draft tower. This improvement, however, will be offset by the added fan power requirements and 
maintenance costs on an average annual basis. The added hotel load associated with the fans would 
be from 5 to 8 MW per plant. 

There are also inherent drawbacks such as: recirculation of vapor from the tower discharge to inlet, 
icing in cold weather, higher salt drift deposition, noise, and limits on the physical diameter of the 
fans. These drawbacks make the mechanical forced draft tower less desirable for retrofitting 
consideration at Salem. 

A mechanical draft tower design with an 8°F approach (to the typical 75 - 80°F summer wet bulb 
temperature at the Salem site), however, was considered representative of the state-of-the-art for this 
kind of cooling tower and was used in the study. A state-of-the-art approach temperature of 
approximately 14°F was selected for the natural draft design. Finally, a flow rate of 550,000 gpm 
was considered practical in order to convey the cooling water and accommodate the towers on the 
site. Always a site specific consideration, in this case the once-through flow of 1,100,000 gpm per 
unit associated with the typical 1970's design for a large nuclear plant necessitated the modification to 
develop an effective scheme for a closed cycle system. 

Closed-Cycle Retrofit Concerns 

The retrofitting of a closed cycle system, however, does not stop with the selection of the cooling 
tower. Its installation is complex because it impacts a large portion of the station. The minimum 
space required for the cooling towers would be an area of approximately 18 acres. The nearest open 
area of sufficient size that satisfies these requirements is located approximately 2,000 feet east of the 
Station, beyond the switchyard and between the main transmission lines. 

Retrofitting existing systems, adding major components, rerouting large piping, designing for poor 
soil load bearing characteristics, and working within the operational restraints associated with an 
operating nuclear facility would add to the difficulty, time, and expense for performing such a 
project. The retrofit would require extensive excavation and subsurface construction. The site is flat 
and only a few feet above the Delaware River. Groundwater would have to be continuously pumped 
out of the excavated areas during construction. 

Conversion of the once-through cooling systems to closed-cycle would be an unprecedented task as 
determined from a recent survey performed of past and present utility power plant conversions by the 
companies involved. Retrofitting Salem with closed-cycle cooling would require the installation of 
over 10,000 100-foot long piles to support the cooling towers, piping and other structures. The 
retrofit would involve two phases -- a new construction phase and a demolition and reconstruction 
phase -- and require the construction of either two natural draft cooling towers or six mechanical draft 



cooling towers. Several other structures including pump houses and chemical treatment buildings 
would also need to be constructed. 

This retrofit project would also require the installation of over 4 miles of new 7 foot diameter 
circulating water piping to connect the cooling towers to the existing cooling water system to 
complete the closed-cycle loop. The installation would require the excavation of a trench 
approximately 140 feet wide, 16 feet deep and 2,000 feet long and the relocation of several 
transformers and miscellaneous buildings. 

The installation of a closed-loop cooling system would require the scrapping in place of the existing 
Circulating Water Intake Structure (CWIS) and the 12 seven-foot diameter inlet circulating water lines 
(6 per unit) from the CWIS to the southeast corner of the turbine building. Piping reinforcement and 
condenser replacement would be needed to accommodate the higher water pressures associated with 
the closed-loop system. The condenser would also be converted to a two-pass unit for its 50% lower 
water flows. A section of the existing piping would have to be demolished and reconstructed to 
connect the new piping from cooling towers to the existing circulating water system. Over 3,000 feet 
of existing circulating water piping would be reinforced by welding corrosion-resistant steel plates 
inside the pipe to improve its pressure rating to that required for the closed loop system. 

The condenser replacement would require the removal and replacement of a section of the west wall 
of the Unit 1 turbine building along with numerous pipes, electrical cables, and other equipment. In 
addition, a new blowdown discharge line for each unit will need to be installed, and the existing 
service water system will need to be realigned to provide makeup water for each unit. This will 
result in requiring the existing radwaste discharge to be rerouted to one of the existing circulating 
water discharge lines. 

For each unit, a separate pumphouse would be built. Each pumphouse would be divided by an 
internal wall to separate the condenser inlet and discharge water. Three of the existing circulating 
water inlet lines of each unit in the turbine building area would be tied into the inlet side of the new 
pumphouse and would convey cooled water to the two-pass condenser. The remaining three 
circulating water inlet lines of each unit in the turbine building area would also be tied into the new 
pumphouse on the discharge side. Each pumphouse would contain three pumps that would pump 
water to and from the condenser and three pumps that would pump water to each natural draft cooling 
tower. Cooled water from the cooling towers would flow by gravity back to each pumphouse. New 
piping would have to be installed between the cooling tower and each pumphouse. 

Though booster pumps would conceptually appear to be applicable, careful consideration indicated 
space did not exist on the site for an open basin. The discharge of each large circulating water pump 
would be directly into the suction of the booster. Mismatches and hydraulic pressure surges would be 
possible. Hence, booster pumps were not considered. Another major consideraton that could add 
considerably to the total cost of the project is the time it takes to connect the cooling tower related 
construction to the existing plant systems and to test those systems to ensure the closed system 
functions properly. The utility could face excessive replacement power costs during the time the units 
are down to implement the changes. 

Station Capacity Derating and Energy Loss 

Retrofitting a closed-cycle cooling system at the Salem Generating Station would reduce its energy 
output. This is due to the increased backpressure on the turbine exhaust as a result of the increased I 



cooling water temperature associated with the operation of the closed-cycle cooling system (i.e., its 
much higher temperature rise due to the lower flow and the dependency of the performance on an 
approach to the wet bulb rather than the existing cooler temperature of the Delaware River water). 
Note the low pressure turbine-blade path is also not optimized for the exhaust conditions that will be 
associated with a cooling tower. The added (auxiliary) power required to operate the circulating water 
pumps and (in the case of installed mechanical draft towers) fans will also result in a decrease in plant 
generation output capability. The capacity loss for natural draft and mechanical draft cooling tower 
systems at winter and summer peaks is described in Table 1. 

Capital Cost 

Considerations about the scope and complexity of a closed-cycle cooling system retrofit at Salem were 
developed in great detail, including all major activities such as the required sequence of engineering, 
permitting, and construction efforts. Quantity estimates for piping, excavation and backfill, dredging, 
concrete, and similar items were developed. Material and labor prices were developed using in-house 
unit prices (e.g., dollarskubic yards of concrete) and labor rates for the Salem area. Capital 
equipment costs, pumps, valves, cooling towers, etc., were developed from available vendor prices. 
Allowances for indirect expenses are based on historical site specific data and include allowances for 
outside engineering services. 

As shown in Table 2, the natural draft cooling tower retrofit project would require "overnight" capital 
costs of more than $489 million in 1990 dollars (and still applicable in 1993). An "overnight" 
construction cost is a cost-estimating technique that ignores the time value of money and the likely 
dates of expenditures; it simply estimates all activities at present cost, as if the activity were 
constructed "overnight. 'I Replacement power costs associated with any extended plant outage period 
for construction, testing and startup should be added to these costs. 

A mechanical draft cooling tower retrofit would have an "overnight" capital cost of over $626 million 
(1990 dollars). Even with the most optimistic assumptions, the effort could take well in excess of 3% 
years to complete. 

Operating and Maintenance Costs 

Operating and maintenance costs of the natural Llaft tower total over $4 million annually or about 1 
percent of the capital cost each year; mechanical draft tower operating and maintenance costs are 
about $8 million per year. There are several facets of operating costs. Both cooling tower schemes 
require 4,000 kW of additional energy (compared to existing once through) to pump a total of about 
550,000 gpm per unit through the lengthy piping network to and from the two-pass condensers and up 
to the top of the hot water distribution systems on the towers. Considerably more pumping power 
will be expended than used by the existing system because of the greater length of the circuit and the 
static head which must be overcome at the cooling tower. Further, the mechanical draft cooling 
towers for each unit require an additional 8,000 kW of energy to power the estimated 66 fans (40 foot 
diameter each) which provide the necessary ambient cooling air. 

Maintenance costs are appreciable because of the large quantity of materials and equipment associated 
with what would be an immense installation of cooling equipment. Over 1.5 billion gallons of water 
would be circulated through the station each day. These costs are expended in upkeep, repairs and 
modifications to the structure, fill section, lighting, chemical control systems, hot water spray 
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distribution system, fans, motors, switchgear, drift eliminators and basin. Make-up and blowdown 
system components which serve the tower complex also require periodic upkeep and repair. 

Estimated operating and maintenance costs are shown in Table 3. No reduction is expected in any 
existing operating and maintenance costs resulting from the retrofitting of closed-cycle cooling. In 
addition, even though station electrical output is lower with closed-cycle cooling, there will be no 
savings in fuel costs due to the cited losses in efficiencies and higher expenditure of auxiliary power 
The information contained in Table 3 was used in developing the revenue requirement analysis. 

Conclusions 

By assessing the complex issues of technical feasibility, installation cost, operating and maintenance 
costs, station capacity derating, and energy loss, PSE&G and Stone & Webster have concluded that 
retrofitting cooling towers at Salem imposes immense cost penalties with significant reductions in 
station output, and that neither natural draft nor mechanical draft cooling towers could be 
economically justified. 

Retrofitting a once-through cooling water system for closed-cycle cooling would require not only the 
construction of cooling towers, but also major revisions to supporting systems and structures such as 
pump houses, condensers, and the circulating water piping to form a closed loop system. Retrofitting 
Salem would not simply involve adding cooling towers to the existing cooling water system. Rather, 
it would require a redesign of the original flows to accommodate a closed system for this tight sight, 
substantial new construction and demolition and reconstruction activities that would result in 
replacing, reinforcing, and abandoning several aspects of the existing circulating water system. 
Original single-pass condensers may be required to be redesigned to two-pass to allow the need for 
lower water flows. Such a project would be wide-scale, complicated, and unprecedented for an 
operating nuclear plant of Salem's size. 

Capital cost estimates for the retrofit range from approximately 400 to 600 million dollars alone 
depending on the cooling tower type used and the permit requirements. Extra maintenance costs 
would be about 0.5 percent of this annually. Costs would also be incurred during the extended 
demolition and reconstruction outages. Other costs would be incurred for replacing the approximately 
5 percent power lost due to the decreased plant efficiency over the remaining life of the plant. While 
these costs are site specific for Salem, they are believed to be indicative of other comparably large 
plants with an open cycle design. 
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Table 2 
Naturai and Mechanical Draft Cooling Tower Estimate Analysis 

1990 Present Day "Overnight" Construction Costs. Estimated Costs (S x 1OOO) 

Circulating Water Pumping Power Net Increase (Assumes 
70% Unit Capacity Factor) 

Cooling Tower Fan Power (assumes 70% CF) 

Periodic Operator Checks 

Chemical Control System 

Total Operating Costs 

Cooling Tower 74,000 160,500 

Circulating Water Pumps/ Structures 34,900 34,900 

88,415 Circulating Water Piping 88,415 

Makeup and Blowdown System 5,cJOo 5,000 

400 400 Security Fencing 

Turbine BldgICondenser Modifications 70,000 70,000 

Dilution Pumping/ Chemical Control 
System 6,600 6,600 

54,207 68,452 

1,230 1,230 

NIA 2,460 

90 135 

1,583 1,583 

2.903 5.408 

33,352 47,421 

122,996 144,806 

Distributable Costs 

Allowance for Indeterminates 

Structural Members & Fill Repairsmeplacement 

Electrical Equipment 

Tower Sludge Removal 

Chemical Control System 

Total Maintenance Costs 
I 

All Present Day "Overnight" Construction Costs 1990 $ 

489,870 626,500 

Table 3 
Cooling Tower Annual Operating and Maintenance Costs 

(All Cost Data is for Two Units) 

1,200 2,600 

N/A 533 

51 115 

125 125 

1,376 3,373 

Total O&M Costs 4,279 8,781 
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December 10,2001 

Ms. Laurie Woodall, Chairman 
Power Plant and Transmission Line Siting Committee 
Office of the Attorney General 
1275 West Washington 

- Phoenix, Arizona 85007 

Re: Testimony on Biological Impacts Related to the Allebeny Energy Supply Company- La 
Paz Generating Facility 

Dear Ms. Woodall: 

The Arizona Game and Fish Department (Department) reviewed the testimony of Dr. Scott 
Terrill regarding potential impacts of the Allegheny Energy Supply Company’s proposed 
construction of a natural gas-fired generating facility, gas and water pipelines and transmission 
lines in La Paz County. Dr. Terrill’s testimony was based on biological information provided in 
the application to the Power Plant and Transmission Line Siting Committee, as well as 
documented impacts From similar facilities in California. 

- 

Sincerely, 

The Department believes Dr. Terrill’s testimony addresses our agency’s concerns reguding 
potential adverse impacts to wildlife resources related to the operation of power plants and 
associated facilities in Arizona. The Department believes that measures should be incorporated 
into the project that reduce the attraction of the evaporation ponds to wildlife, and to minimize 
direct mortality (e.g., collisions and electrocution} to raptors with transmission towers and power 
lines. The Department appreciates the opportunity to review the testimony associated with the 
La Paz Generating Facility. Please contact Bob Broscheid, Project Evaluation Program 
Supervisor, at (602) 789-3605 if you have any questions regarding this letter. 
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cc: Larry Voyles, Regional Supervisor, Region IV, Yuma 
Bob Broscheid, Project Evaluation Program Supervisor, HabLLat Branch 
Russ Engel, Habitat Program Manager, Region N, Yuma 

John Kennedy 
Habitat Branch Chief 
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4(a)(i) of the Application and an associated 500 kv transmission line and switchyards as more 

particularly described in Section 4(b)(i) of the Application and Exhibit G-7. 

This Certificate is granted upon the following conditions: 

1. Applicant and its assignees will comply with all existing applicable air and 

water pollution control standards and regulations, and with all existing applicable ordinances, 

master plans and regulations of the state of Arizona, the county of La Paz, the United States and 

any other governmental entities having jurisdiction, including but not limited to the following: 

a. all zoning stipulations and conditions, including but not limited to 
any landscaping and dust control requirements andor approvals; 

b. all applicable air quality control standards, approvals, permit 
conditions and requirements of the Arizona Department of 
Environmental Quality (“ADEQ’) and/or other State or Federal 
agencies having jurisdiction, and the Applicant shall install and 
operate selective catalytic reduction and catalytic oxidation 
technology at the level determined by the ADEQ. The Applicant 
shall operate the Project so as to meet a 2.5 ppm NOx emissions 
level, within the parameters established in the Title V and PSD air 
quality permits issued by ADEQ. Applicant shall install and 
operate catalytic oxidation technology that will produce carbon 
monoxide (“Co’,) and volatile organic compound (“VOC’) 
emissions rates determined as current best available control 
technology (“BACT”) by ADEQ; 

c. all applicable water use andor disposal requirements of the 
Arizona Department of Water Resources (“ADWR”), Section 6- 
503 of ADWR’s Third Management Plan and the ADEQ 
regulations; 

d. all applicable regulations and permits governing transportation, 
storage and handling of chemicals. 

2. Allegheny shall construct a 100 KW solar photovoltaic array for use in 

conjunction with the Project’s electricity use requirements. Allegheny Will also participate in 

future solar workshops conducted by the Commission. 

3. Subject to the availability of Central Arizona Project (“CAE”’) water and 
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delivery facilities, Allegheny will acquire over the next 30 years directly, through another or by 

contract with the Arizona Water Banking Authority (“AWBA”) an aggregate amount of 30,000 

acre feet of CAP water or that aggregate amount of water which may be acquired with $3 

million, whichever is less. The water acquired 

. If Allegheny has used or recharged CAP water in relation to the Project’s water needs, 

the amount of such use or recharge shall be treated as a credit against Applicant’s obligation 

under this condition. 
pff,, fo * m 3 h * m &  ofcsrokh 

4. f i  consultation with the Arizona Department of Water Resources, 

Allegheny will develop a monitoring program of monument inspection and infomation 

gathering fiom agencies with infixstructure or jurisdiction near the plant site concerning 

subsidence. The data gathered pursuant to the monitoring program shall be regularly reported to 

the Department and Commission. 

5 .  In the year following the commencement of groundwater withdrawals in 

relation to the Project, Applicant shall submit annual reports to the Arizona Department of Water 

Resources pursuant to A.R.S. 45-437.C.1 reporting the quantity of groundwater withdrawn and 

the Notice(s) of Authority appurtenant thereto. 

6 .  Authorization to construct the facility will expire five years fiom the date 

the Certificate is approved by the Arizona Corporation Commission unless construction is 

completed to the point that the facility is capable of operating at its rated capacity by that time; 



Exhibit A-32 

Substitute Applicant’s condition 4 with the following: 

4. Applicant’s withdrawal and use of groundwater in the Harquahala 

irrigation non-expansion area for electrical generation and related uses, shall be 

consistent with and not exceed the amount outlined by the formula in A.R.S. 6 45- 

440 (A). Applicant’s lands eligible to be irrigated and instead used for electrical 

generation and related uses, shall not be irrigated except with groundwater, but 

may be irrigated with the Central Arizona Project water. Applicant shall comply 

with ADWR requests for additional pumping information from operational 

pumping for electrical generation and related uses, including but not limited to 

water level and water quality data. 



PROPOSED CONDITIONS FOR CEC 
La Paz Generating Facility (Docket No. L-OOOOOAA-01-0116) 

(from Ray Williamson: Revised 1/16/02) 

1. The La Paz Generating Facility shall be required to meet the Lowest 
Achievable Emission Rate (”LAER”) for Carbon Monoxide (CO), Nitrogen 
Oxides (NOx), Volatile Organic Compounds (VOCs), and Particulate Matter less 
than ten microns in aerodynamic diameter (PMlo). The Applicant shall be 
required to submit an air quality permit application requesting the LAER to the 
Arizona Department of Environmental Quality, 

Alternative Condition 1 : Applicant shall comply with all applicable air quality 
control standards, approvals, permit conditions and requirements of the Arizona 
Department of Environmental Quality (“ADEQ”) and/or other State or Federal 
agencies having jurisdiction. Applicant shall further install and operate selective 
catalytic reduction and catalytic oxidation technology that will produce emission 
rates for oxides of nitrogen (“NOX)’), carbon monoxide (CO), volatile organic 
compounds (“VOCs”), condensable particulate matter, and ammonia slip, that are 
equivalent to current California BACT. 

2. If during the first 20 years of commercial operation of the Project (i) an air 
quality permit is issued in EPA Region IX requiring a combined cycle combustion 
turbine generator located in an area having the same designation at that time 
(attainment or nonattainment) as the Project site to control NOx emissions to a 
level less than current California BACT, and (ii) the Commission or the Applicant 
has determined that use of the technology required to comply with such lower 
standard would be economically feasible for this Project, then within 24 months 
of such determination Applicant shall install and operate control technology to 
control NOx emissions at this Project to such lower standard. Applicant shall not 
be required to install new control technology more than once every ten years. 

3. Applicant shall construct and operate the proposed La Paz Generating 
Facility as a dry-cooled generating facility. Applicant shall limit groundwater 
pumping for cooling purposes to no more than 650 acre-feet per year, based on a 
90% reduction from the estimated 6,500 acre-feet per year needed for a wet- 
cooling system. Applicant shall acquire on an annual basis, through another or by 
contract with the Arizona Water Banking Authority (“AWBA”), an amount of 
water equivalent to the amount of groundwater actually pumped for use by the 
project in the preceding year, to be recharged at the Vidler Recharge Facility. 

Alternative Condition 3. Applicant shall construct and operate the proposed La 
Paz Generating Facility as a parallel wet-dry cooled generating facility. Applicant 
shall limit groundwater pumping for cooling purposes to no more than 2,600 acre- 
feet per year, based on a 60% reduction from the estimated 6,500 acre-feet per 

pplsc/conditions/ll6amend 



year needed for a wet-cooling system. Applicant shall acquire, through another or 
by contract with AWBA, an amount of water equivalent to the amount of 
groundwater actually pumped for use by the project in the preceding year, to be 
recharged at the Vidler Recharge Facility. 

4. Applicant shall build two transmission lines connecting the Applicant’s 
plant switchyard to the transmission switchyard on separate structures separated 
by a minimum of 200 feet. Applicant’s plant interconnection must satisfy the 
Western Systems Coordinating Council’s (“WSCC”) single contingency outage 
criteria (N- l), the California Independent System Operator (CAISO) planning 
criteria, and all applicable local utility planning criteria without reliance on 
remedial action such as, but not limited to, reducing generator output, generator 
unit tripping or load shedding. 

5 .  The Applicant, its Assignees, and/or Successors shall submit a self- 
certification letter annually listing which conditions contained in this CEC have 
been met. Each letter shall be submitted to the Utilities Division Director on 
August 1, beginning in 2002, describing conditions which have been met as of 
June 30. Attached to each certification letter shall be documentation explaining, in 
detail, how compliance with each condition was achieved. Copies of each letter, 
along with the corresponding documentation, shall also be submitted to the 
Arizona Attorney General and the Directors of the Arizona Department of 
Environmental Quality, Department of Water Resources, and the Department of 
Commerce Energy Office. 

6. The Commission is approving this Certificate as a package of inter-related 
requirements and conditions that must all remain in force in order to merit 
Commission approval. If the Applicant, its successor(s) or assignee(s) pursue a 
legal challenge of any condition herein, the authority to construct facilities 
granted by this Commission Decision shall be revoked and the Certificate 
rendered null and void in its entirety without further order of the Commission. 

7. If the Applicant, its successor(s) or assignee(s), after notice and hearing, is 
found to have failed to comply with any conditions herein, the Commission shall 
impose appropriate sanctions up to and including the revocation of the authority 
to construct facilities granted by this Commission Decision which would result in 
the Certificate being rendered null and void in its entirety. 

1 
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Amendment to the Wording of the CEC for La Paz Generating Facility 
(from Ray Williamson: January 16,2002) 

On Page 3 of the CEC, DELETE lines 1 & 2 and line 3 up to and including the wording 
"Exhibit G-7." 

In place of the deleted wording ADD: 

''of a 1,080-MW (nominal) natural gas-fired, combined cycle electric generating plant, 
consisting of two power blocks, each consisting of two combustion turbines, two heat 
recovery steam generators, a steam turbine, condenser, transformers, and associated 
auxiliaries, and including other necessary facilities such as cooling towers, tanks, 
sedimentation ponds, auxiliary boilers, an emergency generator, an emergency fire pump, 
and associated buildings. Applicants and its assignees are hereby authorized to construct 
two switchyards, one for the plant and one for the interconnection with the Palo-Verde 
Devers 500 kV transmission line. Applicants and its assignees are hereby granted 
authorization to construct a 1.75 mile, 500 kV transmission line located adjacent to the 
east side of the Avenue 75E ROW." 
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